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PREFACE.

Aside from the Report of the Secretary, the Yearbook of the Depart-
ment of Agriculture for 1911 comprises (1) 31 articles, contributed by
the various branches of the Department and averaging 13 pages;
(2) a statistical Appendix of 194 pages; and (3) an Index of 32 pages—
the volume aggregating 730 pages. The articles are illustrated by 20
text figures and 67 full-page illustrations, of which 9 are colored.
Although 10 pages in excess of the Yearbook for 1910, this volume
is in reality smaller and weighs less, because in most instances the
full-page illustrations are printed on both sides of the sheet. This
feature is an innovation introduced with a view to economy, and it
is believed that the illustrations are as satisfactory as when printed
in the old way. '

The articles included in the Yearbook have not been published
elsewhere. This explanation is given for the reason that there is an
impression that the volume is a compilation of bulletins and circulars
issued during the year. Such, however, has never been the case, as
it has always been the policy of the Secretary to use as Yearbook
articles only absolutely new matter having a permanent value, giving
preference to accounts of work undertaken and results achieved. The
articles are usually reprinted in separate form after the Yearbook is
issued. This gives them a wider distribution and enables the Depart-
ment to give applicants the specific information they desire, when it
is impossible to supply the entire volume. As a matter of fact, the
department’s allotment of the Yearbook is distributed principally to
its voluntary correspondents, in consequence of which it is necessary
to refer miscellaneous applicants to Members of Congress, to whom
470,000 copies are by law allotted. The edition of the Yearbook
authorized by law is 500,000, so that in the 18 years during which it
has been issued 9,000,000 copies have been printed and distributed,
principally to farmers in every section of the country.

The frontispiece to this volume is a portrait of the late Dr. S. A.
Knapp, who died during the year, and whose distinguished services
in behalf of the people justify this tribute to his memory. A brief
article describing the work of Dr. Knapp is contributed by the Chief
of the Bureau of Plant Industry.

The latest figures in regard to the production and value of the
principal agricultural crops and the number and value of farm animals,

3



4 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.
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together with tables of exports and imports, are given in the Appendix,
which has been carefully compiled by the Bureau of Statistics with
the view to being helpful to all in search of information on these
subjects.

Of timely interest are the summary tables taken from the agricul-
tural returns of the Thirteenth Census. These figures refer to number,
area, and value of farms; value of farm buildings and live stock;
farm expenses, classified under labor, feed, and fertilizer; mortgages;
and nativity of farmers.

The figures relating to the production and farm value of the leading
crops in 1911 are of special interest, because crops were relatively
small and values relatively high. In 1911 the corn crop declined in
quantity 355,000,000 bushels, compared with 1910, but the value
increased $180,000,000, owing to higher farm prices. Oats, barley, and
potatoes also were less in quantity but greater in farm value in 1911
than the year before. The wheat crop showed but slight change,
although the quantity fell off 2 per cent and the value also was less
in 1911 than in 1910 by about 1 per cent. The hay crop was nearly
14,000,000 tons short, compared with 1910, and in spite of prices
being about one-fifth higher than the year before the total farm value
of the crop declined more than $50,000,000.

- Inquiry has sometimes been made why the list of publications
issued during the year is not included in the Yearbook. To include
such a list would involve duplication, since, in compliance with a
specific provision of law, a report of the documents of all kinds issued
and distributed by this department is made annually to Congress.
Applicants, however, can always secure lists of available publications
by writing to the department, and will be supplied with such publica-
tions as they raay select, so long as copies are available for distribution.

In general, this volume agrees in form and style with its prede-
cessors, and it is hoped that it may equal them in value and popularity.

Jos. A. ArNoLp,
Department Editor.
U. S. DEPARTMENT OF AGRICULTURE,
Washington, D. C., April 24, 1912.
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YEARBOOK

OF THE

U. S. DEPARTMENT OF AGRICULTURE.

REPORT OF THE SECRETARY.

Mr. PRESIDENT:
I respectfully present my Fifteenth Annual Report, covering the
work of the Department of Agriculture for the year 1911.

BRIEF COMMENTS.

When the cattle-fever tick is destroyed in the Southern States the
country will get much more meat from that section and the producing
of it will build up the farms there.

The hog-cholera serum developed in this department is successful
where it is properly made and applied.

Would it be asking too much of our universities to have them
educate more plant pathologists and road engineers?

Every country in the world that has diseased plants that can not
be sold at home can ship them to us. This results in great loss. The
chestnut disease here is an illustration.

After years of experimentation we find we can grow Egyptian
cotton in southern California and bulbs in the State of Washington.

The finest dates from the Sahara Desert succeed in our Southwest.

No seed is sent out from this department without being tested for
germination condition.

The schools want more of our publications than we have to give
them.

Seven hundred and fifty million dollars is the best estimate for
poultry products this year.

The day is not far distant when we will cease to import potash.

A serious pest in the South is the crayfish; carbon bisulphid is a

sure remedy.
9
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We are sending explorers to the ends of the earth for new plants—
and getting them.

The phosphates are abundant in our country for all possible uses.
Florida, Kentucky, Tennessee, and Idaho may be mentioned as
depositories.

If good roads from the producer to the consumer were general, the
benefits to both would be considerable.

When a foreign insect invades, our scientists seek its enemy where
it came from. The natural enemy of the boll weevil was an ant that
could not endure our winters, but the native ant is getting busy.

The experiment stations of the several States are doing better
work each succeeding year; the scientists are maturing and the peo-
ple are appreciating.

The object lesson in agriculture is the best teacher; we had 60,000
of them at work last year. ‘

Six hundred thousand short tons of beet sugar were made last
year in 67 factories. There is an estimated world’s shortage of
1,600,000 long tons of sugar this year.

The consumer pays a dollar for food; the farmer gets less than
fifty cents for it. Who gets the rest?

All Government agencies that conserve public health should be
grouped together in one bureau.

The Department of Agriculture has had success in the Southern
States through object lessons in the fields, where the best southern
farmers in their counties were the instructors. This method should
be organized in all the States along lines of greatest necessity.

Our systems of renting land are faulty and result in soil robbing;
where the renter can not provide domestic animals, the owner
should arrange to furnish them so that rotation of crops may be had,
and hay and grains may be fed on the farm.

Irrigation will bring maximum crops while the land is new and
full of plant food; but, where the crops are sold year by year, irri-
gation will not of itself assure good results.

Alaska will some day provide farmers in lower latitudes with
grain seeds superior to what they can grow at home.

The corn crop is moving northward by seed selection.

The southern farm boy is showing the way to grow more of all
Crops on an acre.

Educate the farmer’s boy toward a more valuable life on the farm.

Uplift the farm home through the education of the farmer’s
daughter toward greater usefulness and attractiveness in the farm
home.
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Save all the liquid fertilizers on the farm, in cisterns, to be applied
where crops are to grow; this will recover the greatest farm waste of
our times.

There is great promise in the fact that whole classes of graduates
of agricultural colleges go back to the farms, having learned how to
make them profitable.

Our foresters are learning by experiments how to reforest 30,000
acres in a year; ten times as much must be planted annually to cover
all the bare acres in a generation. It will be done.

There should be publicity regarding the cold storage of foods,
through monthly reports to some Federal authority that would give
them to the press, to the end that the people might know to what
extent foods were being withdrawn from consumption.

CROP RESULTS.

ADVERSE CLIMATIC CONDITIONS.

EXCEEDING ALL RECORDS.

The climatic conditions of the early part of the growing season
of 1911 were adverse to agriculture throughout the country east of
the Rocky Mountains in a degree that exceeds all records. The
assertion has been made that this country is so large in extent and
has such a varied climate, soil, and crops that no nation-wide calam-
ity can befall its farmers from natural causes. An extreme test of
the truth of this assertion was made this year.

From early in May until July was well advanced, a period of
about 60 days, a series of hot waves of marked severity so early in
the summer followed one another in rapid succession over nearly
the entire regions of the Mississippi Valley and the Atlantic coast.

Short periods of more moderate weather occurred locally at inter-
vals, giving some relief, but, it is stated by the Weather Bureau, it is
probable that during no previous similar period of 60 days has the
temperature been so continuously and largely above the average
over so extensive a region in the last half century.

Deficient rainfall made this continuous heat effective against crop
production. From January to June the rainfall in Minnesota, Iowa,
and Missouri was 19.7 per cent below the normal; it was 25.4 per
cent below in North Dakota, South Dakota, Nebraska, and Kansas;
27.8 per cent below in New England; 12.4 per cent below in New
York, New Jersey, and Pennsylvania. In the South Central States
east of the Mississippi River the deficiency of rainfall from January
to June was 10.3 per cent; west of that river, 21.6 per cent; and in
the Pacific Northwest, 21.2 per cent.



12 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

This combination of drought and heat was the severest test to
which the crops of the immense area covered have been subjected
during the many years covered by records.

Yet 1911 is not a lean year. Enough has been produced for the
national needs, and there will be a surplus.

COMPARISON UNFAVORABLE TO 1911.

CROP PRODUCTION.

Most of the crops of 1911, as far as their production is ascertained,
compare unfavorably with the average production of the preceding
five years. Cotton is the most conspicuous exception. If the com-
mercial expectations of the size of this crop are realized, it will be
one-quarter larger than the five-year average, and also the largest
cotton crop ever grown.

The sugar-beet crop is much above the average production of the
previous five years, and is the largest ever grown, while rice and
buckwheat are considerably above.

All other crops are below the five-year average in production, hay
being the most prominent one in percentage of deficiency.

VALUE OF WEALTH PRODUCED.

For the first time in many years the total value of farm products
has declined from that of the preceding year. The estimate for 1911
is based on the census items and is $8,417,000,000, or $277,000,000
under the total for 1910. The loss is chargeable to the general classes
of animal products and animals sold and slaughtered. Dairy cows
are the only farm animals for which increase of price is indicated.
Eggs, wool, butter, and poultry have likewise suffered in farm price °
during the year. In consequence of the decline of prices of farm
animals and their products, this group is estimated as having pro-
duced a value of $2,913,000,000 in 1911, or $321,000,000 below the
amount for 1910.

On the other hand, the crops are worth more than those of 1910,
the estimate of farm value being $5,504,000,000, a gain of $44,000,000
over 1910. Farm prices of all crops are higher than for 1910, except
for cotton, cotton seed, and flaxseed, and this general fact, notwith-
standing the other general fact that production was low, makes about
10 crops of 1911 the most valuable ones of the same kinds that the
farms of this country have ever produced.

If the census value of farm products for 1899 is represented by
100, the relative standing of subsequent years can be readily per-
ceived if they also are represented by index numbers. After 1899
the total value of farm products increased yearly about 5 to 7 in the
index number for six years, ending with 1905. For 1906 the in-
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crease was 10, for 1907 it was 15, for 1909 it was 16, for 1910 the
increase was less than 2, and for this year there is a loss of 6 in
the index number. At the end of six years after 1899, or the year
1905, the index number had risen from 100 to 133; in five years more
it mounted to 183; and the highest point reached is 184.3 for 1910.
The number for 1911 is 178.4. The progression was broken by this
year, so that two other years, 1909 and 1910, exceed 1911 in the value
of the wealth produced on farms.

Little is known of the total agricultural wealth production of
foreign countries, but the little that is known affords interesting
comparisons. A rough but official estimate of the value of the wealth
produced by agriculture in Italy in 1910, a year of large production,
is $1,351,000,000. Official returns of the production in Japan, aver-
aged for the three years 1905-1907, give an annual value of a little
more than $618,000,000. The official yearbook of the Commonwealth
of Australia reports for 1908 a value of $484,000,000. According to
the Canadian census of 1901 the value of the farm products of the
foregoing year was $363,000,000; the census of 1911 has not yet pub-
lished the corresponding hgures for 1910, but the annual official re-
port of agriculture indicates a present production valued at about
$900,000,000.

CHIEF CROPS. -

In the statement that follows concerning the crop quantities and
values for 1911 no figures should be accepted as anticipating the
final estimates of this department, to be made later. Only approxi-
mations can be adopted, such as could be made by any competent
person outside of this department. All values are for products at
the farm, unless otherwise stated, and in no item are values at the
produce or commercial exchange.

CORN.

With a value more than twice that of the cotton crop this year,
and but little less than the combined values of the cotton, wheat, and
oats crops, corn is by far the leading crop as a wealth producer. The
estimate of 2,776,000,000 bushels indicates a production that has been
exceeded in only two years, but it is a little under the average for the
preceding five years.

The farm price of corn is now hlgher than it has been since the
records of the department began in 1866, except in 1883, and this
establishes a total value for the crop that reaches $1,700, 000 ,000 and
breaks the record.

So preeminently is corn the leadlng crop of this country that about
three-quarters of the world’s crop is grown here. For the five years
1905-1909 the percentage is 76.2.
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While the exports of corn as such from this country are small when
comparison is made with the size of the crop, they averaged 67,400,000
bushels during the five years 1906-1910, and constitute one-third of
the world’s exports of corn.

This crop has secured a greater importance in national economy
because of the multiplication of its uses. Formerly a feed for ani-
mals and as meal or hominy a food for man, it is now made into
varied food products and finds numerous industrial uses, largely due
to the work of the chemist.

COTTON.

That a large crop may be worth less to the producers than a small
one is exemplified by the cotton crop of this year. Commonly sup-
posed to be the largest one ever grown, this crop has reached a price
that is 5 cents a pound of lint below that of last year, when the crop
was much less in quantity, and for the same reason the price of seed
has declined. Apparently, the value of the fiber and seed of this
year’s crop will not exceed $775,000,000, an amount that is below that
of two former crops, although above the average of the preceding
five years.

There is no crop that this country produces that excites such world-
wide interest as cotton, for the reason that the crop of the United
States is about three-fifths of the world’s production, contributes
two-thirds of the world’s exports, and has a fiber of a sort that has
no direct competition in other countries.

It is raw cotton. much more than any other commodity, that makes
this country’s export value loom large. This fiber contributes about
one-half of the value of agricultural exports, and more than a quar-
ter of that of all exports. During the fiscal year 1911, for the first
time in history, the value of the exported cotton not only passed
the half-billion mark, but reached the amount of $585,000,000, or
$148,000,000 more than the average of the five preceding years.

HAY.

N

The considerable failure of the hay crop has caused an increase of
farm price of only about $2.50 per ton over that of 1910. With a
production of only 47,000,000 tons this year, this crop is far below
the five-year average yield of 63,500,000 tons, and was exceeded by
the crop of 1884 and every year since 1888.

The farm value of this year’s crop, however, is slightly above the
five-year average. In the case of some other kind of crop, three-
quarters of the usual production would cause a much greater relative
increase of price than is found in this crop, and the reasons why the
hay price has not responded in greater degree are probably the good
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and late fall pasturage and the existence of a great deal of roughage
to take the place of hay. The value of the crop is placed at a little
less than $700,000,000, and this is $50,000,000 more than the assumed
value of the cotton lint produced this year, and $100,000,000 more
than the value of the wheat crop. These comparisons emphasize the
importance of the hay crop, an importance that is not generally
recognized off the farm.
WHEAT.

Fourth in order of value is the wheat crop, worth about $600,000,000,
or a trifle below the five-year average and also below the value of the
wheat crop of three other years. The farm price of wheat per bushel
is a little above what it was last year, but is considerably below the
price of 1909.

In production, the wheat crop of this year is 53 per cent below the
five-year average, and has been exceeded by that of every year since
1897, except in five years. The estimate of the department places the
production at 656,000,000 bushels, an amount that would have been
much exceeded had the weather conditions been favorable.

This country produced one-fifth of the world’s wheat crop during
the last five years, and contributed about one-eighth of the world’s
exports.

OATS.

The oats crop is invariably fifth in order of value, and this year
is worth about $380,000,000, or 5 per cent more than the five-year
average. This amount has been perceptibly exceeded in only one
year. The farm price is about 10 cents a bushel higher than it was
last year, on account of the deficient production.

The yield of this crop is estimated to be 874,000,000 bushels, a low
amount caused by adverse weather. This was exceeded by the crop
of every year since 1901, except three years. The oats crop of 1909
and of 1910 was more than a billion bushels. About one-fourth of
the world’s oats are grown in this country.

POTATOES.

The early prospect of an almost complete failure of the potato
crop was not fully realized and the crop was ascertained to be
282,000,000 bushels, a production that was exceeded in seven years,
and was 12 per cent below the five-year average.

Although the crop was about 90 per cent of the average production,
the farm price increased 20 cents a bushel, or to about 75 cents, with
the result that the total value of the crop is the highest of record,
and amounts to $213,000,000, or 14 per cent above the five-year
average.
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BARLEY.

Barley is another crop deficient in production. The 146,000,000
bushels of this year’s crop are 12 per cent below the five-year average,
and also below the productlon of every year since 1905. But the
total value of the crop is about $125,000,000, and much above the
record value of 1907. This is because the farm pr1ce rose to about
85 cents a bushel, far above the price for every year since 1881, when
it was 82.3 cents, and, with the exception of that year, far above the
price for every year since 1874, when it was 86 cents. Since the
record of the farm price of barley began in this department in 1866
the price of this year’s crop per bushel has been exceeded in only
three years.

TOBACCO.

The tobacco crop is 2 per cent under the five-year average in produc-
tion and 5.3 under in value. From 1906 to 1909 the farm price of
tobacco ranged from 10 to 10.3 cents a pound; in 1910 it was 9.3
cents; and for this year there is apparently an increase of a fraction
of a cent. Previous to 1906, when the 10-cent price was first reached
since 1887, there was a period during which there was a general com-
plaint among tobacco growers that the price was too low, if not

unprofitable.
The crop of this year is estimated to be about 800,000,000 pounds,

worth about $76,000,000. The production has been larger in seven
years and the total value in two years.

The tobacco grown in this country during the last five years is 31
per cent of the world’s crop and supplied other countries with a
quantity that is 42.3 per cent. of the world’s exports of tobacco.

: FLAXSEED

The flaxseed crop of 22 000 000 bushels has a farm value of about
$47,000,000. The amount of the crop.is 7} per cent under the five-
year average, and the total value makes the extraordmary compari-
son of 53 per cent above the ﬁve—year average. This is because the
farm price increased from $1.01 in 1906 to $1.53 in 1909, to $2.31 in
1910, and to about $2.17 in 1911. The production of this year has
been exceeded many times, but the total value has never been equaled.

RYE.

With the lowest production since 1901, except three years, the rye
crop of about 31,000,000 bushels is 5.4 per cent below the five-year
average. Its value, on the contrary, is the highest ever reached and
is 12.2 per cent above the five-year average. Its farm value of about
83 cents a bushel is the highest since 1868, except 1881. The total
value is $26,000,000.
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SUGAR BEETS.

The sugar-beet crop, which for several years remained close to
$20,000,000 in value, has risen to more than $24,000,000 this year, an
increase of 23} per cent above the five-year average and much above
the previous highest value. The production also is the largest and
is 23.7 per cent above the five-year average. To the establishment
and growth of this crop this department has directed some of its
best efforts.

' HOPS.

No other crop exhibits such a high increase of value over the five-
year average as the hop crop does. It is 140 per cent. This is
because the price of hops, which has usually been 10 to 20 cents a
pound, has risen to about 38 cents. Consequently the total crop value
has become $15,500,000. The production, on the other hand, has
fallen off by 15 per cent in comparison with the five-year average and
has been exceeded many times. '

Nearly one-fourth of the world’s exports of hops go from this
country, and a little over one-fourth of the world’s crop is produced
here.

RICE.

Rice is one of the five crops that have a production above the
five-year average, the percentage being 6.6. The amount, although a
little over 1,000,000,000 pounds, has been exceeded twice. The price
per barrel has been down until within a very few weeks, and it is
probable that the value of the crop, as finally determined, will be
larger than was expected.

BUCKWHEAT.

Buckwheat continues to show a disposition to reach its old-time
production after many years of decline. The crop of this year is
7.3 per cent above the five-year average and has been exceeded by only
two crops since the sixties. The total value is the largest since the
sixties and is above the five-year average by 13 per cent. The farm
price is about 72 cents a bushel, and in only one year since 1883,
namely, in 1908, has the price been higher.

TOTAL OF ALL CEREALS.

Notwithstanding the considerable differences among the cereals, a
comparison of the total of all of them this year with the five-year
average will be some sort of a measure of the year’s performance in
agriculture. The bushels of cereals produced this year number
4,522,000,000. This is 3.4 per cent below the five-year average and,

20139°—vyBE 1911—2
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while it indicates that the agricultural year of 1911 was below par,
it is far from indicating any degree of calamity. If the great cotton
crop be taken into account, the total crop production is below the
average in a less degree than the cereals suggest.

SUGAR.

Sugar making belongs to manufacturing and not to agriculture,
yet cane and beet production can best be treated through the sugar
made from them. The refined beet sugar made this year nearly
equals 600,000 short tons, the largest amount ever made by about
80,000 tons.  This is about 24 per cent more than the five-year average.
The value has, of course, soared and amounts to about $90,000,000,
including value of pulp, the highest previous value being about
$60,000,000 for 1909. It is 81 per cent above the five-year average.

The cane-sugar production of 1911 is estimated to be about 880,000
short tons of raw sugar, or about 5} per cent above the five-year
average production, but yet an amount that has been exceeded several
years. The value is about $45,000,000, which is far above the highest
figure ever before reached and is 58 per cent over the five-year
average.

Both kinds of sugar combined, the production equals about 975,000
short tons, or about 85,000 tons more than the record production of
1909. The factory value of this sugar and the beet pulp, which is used
for feeding purposes, is about $135,000,000, or about $41,000,000 more
than the value of the two kinds of sugar for 1909, the year next to
1911 in order of value.

SUMMARY OF COMPARISONS.

The year 1911 was a poor one for record-breaking crops, since the
list includes only cotton and sugar beets. In these cases, however,
the achievements are memorable, because of the great increases over
the production that was previously highest.

Apart from these two crops, not a crop reaches a place that is next
to the highest production of former years; corn and rice win third
place, and byckwheat third place since the sixties; the total of all
cereals occupies fifth place, and the other crops are farther down the
scale.

The tale is reversed when the values of the crops are considered.
The crops that have won first place make a formidable list in spite of
the fact that they had previous very high values to exceed. The list
is corn, barley, rye, buckwheat (since the sixties), potatoes, hops, flax-
seed, sugar beets (or beet sugar), and cane sugar. No other crop
reached second place in order of value in comparison with other years,
but the total value of all cereals and of all crops did. The crops that
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reach third place are hay, cotton, and tobacco. Wheat is fourth in
value, and has been exceeded in this respect in three years.

The crops of this year compare with the average of the previous
five years more favorably than they do with single years when results
were highest. In the list of crops that had a production above the
five-year average are cotton, rice, buckwheat, beet sugar, and cane
sugar.

In value of crops, the five-year average was overtopped by corn, cot-
ton, hay, oats, barley, potatoes, buckwheat, rye, flaxseed, hops, and
beet and cane sugar.

FOREIGN TRADE IN AGRICULTURAL PRODUCTS.
BALANCE IN FAVOR OF EXPORTS.
CAUSED BY THE COTTON SURPLUS.

The large surplus of value of exports of domestic agricultural
products over the value of imports of agricultural products, which
has been the result of this country’s foreign trade for many years,
seemed to be threatened by the declining surpluses of 1909 and 1910;
and by the same cause the balance of trade in favor of exports of
all commodities, agricultural and otherwise, was threatened with ex-
tinction unless manufactures were exported in values large enough to
prevent. In the fiscal year 1908 the balance in favor of this country
was $488,000,000 in agricultural products; the next year it was $274,-
000,000; in 1910 the balance fell to $198,000,000. During the same
years the balance in the trade of commodities other than agricultural
in favor of exports fell from $178,000,000 to $77,000,000 the next
year, and turned to a balance in favor of imports in 1910.

This tendency was sharply arrested in 1911, when the farmers’
balance of foreign trade rose to somewhere near its former propor-
tions. It was $366,000,000. In the same year the balance in favor
of exports in the trade of commodities other than agricultural reached
$156,000,000.

As the matter has stood for many years, the balance of trade in
favor of exports, both of agricultural products and of all products,
is mostly, if not entirely, due to raw cotton. That is to say, the value
of the cotton exports are more or less approximate to the balance.

EXPORTS.
OVER A BILLION DOLLARS.

Three times has the total value of exports of domestic farm
products been greater than a billion dollars—in 1907, 1908, and in
1911, The total for the last year—$1,031,000,000—is exceeded only
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by that of 1907, and then by only $23,000,000. More than half:of
the total export value is contributed by raw cotton, the value of which
is $585,000,000.

Packing-house products gain $21,000,000 in value over their ex-
ports in 1910, and reach the figure of $157,000,000. But grain and
grain products continue the decline which began in 1909 and have
fallen to a value of $124,000,000, a loss of $91,000,000 in three years.

Tobacco continues to show exporting strength, and its value in 1911,
$39,000,000, is $1,000,000 above the previous year. The same is true
of fruits, with their value of $24,000,000, or $5,000,000 over 1910.

The exports of live animals have dwindled to $19,000,000, which,
however, is a gain of $2,000,000 over 1910. Oil cake and oil-cake
meal exports remain as the year before at $20,000,000. but vegetable
-oils have risen $3,000,000 to a value of $20,000,000.

IMPORTS.

RECORD ALMOST BROKEN.

By falling short only $8,000,000 the imports of agricultural prod-
ucts in 1911 failed to go above the highest record, in 1910. The value
for 1911 is $679,000,000.

The imported silk fiber was valued at $75,000,000; coffee,
$91,000,000; vegetable fibers, $56,000,000; seeds, $30 000,000; fruits,
$27 ,OO0,000—all with increases over the values of 1910.

Declining from the previous year, the imports of wool in 1911 were
valued at $23,000,000; packing-house products, largely hides and
skins, $84,000,000; sugar and molasses, $98,000,000.

FOREST PRODUCTS.
HIGH VALUES.

The value of exports of domestic forest products continues to ad-
vance and the amount for 1911, $103,000,000, is the highest yet
reached. The exported lumber was valued at $60,000,000; timber and
logs, $17,000,000; the naval stores, $25,000,000.

The imports of forest products in 1911 were valued at $164,000, OOO
and came within $15,000,000 of equaling the total of 1910, which
holds the highest place. India rubber was imported to the value of
$76,000,000 ; other gums, $26,000,000 ; lumber, $21,000,000; wood pulp,
$14,000,000, an import that has doubled in value in four years.

THE AGRICULTURAL SURPLUS.
TREND OF EXPORTS.

Coincident with the geographic expansion of agriculture on the new
land of this country the exports of farm products grew in quantity.
That was a period when immigrants became farmers, and farmers’
sons established farms on what had been the public domain.



REPORT OF THE SECRETARY. 21

After a long time the new land that was fit for agriculture and
could be acquired diminished, agricultural land values increased,
the immigrants changed in description and were not inclined to agri-
culture, and the farmers’ sons went to town and city. So National
consumption increased in the later time in a greater degree than
agricultural production did.

This is the broad, general view of the matter, although there have
been many variations and readjustments in particular instances; and,
in consequence of the new order of affairs, the exports of agricul-
tural products have diminished in quantity because the National sur-
plus has become less. They have increased in value because prices
have risen.

Not all products have diminished in exports. Improved agricul-
ture and the ability and disposition of farmers to produce for the
foreign market have increased the National surplus of some products
and indicate potentialities that will be beyond the requirements of
National sustenance for an indefinite time.

EXAMINATION OF PRODUCTS.

A detailed examination of the export statistics of the Department
of Commerce and Labor discovers what the trend has been in the
quantities of the National surplus of agricultural products. Let the
exports of the 10 years 1900-1909 stand for 100, and the exports of
each year or group of years can be related to 100 for a simple and
easily understood comparison.

The cattle exports of the 10 years 1900-1909 being 100, those of
1870-1879 were 12.4. The index number rose to 85.3 in 1890-1899 and
to 102.6 in the five years 1900-1904, from which time the decline was
to 34.3 in the single year 1911.

The exports of horses, mules, and sheep reached their highest figure
in 1900-1904. Swine eventually met adverse legislation on ' the
continent of Europe, and their exports declined from 236.5 in 1870
1879 to 31.7 in 1911. ,

Butter exports were highest in 1880-1889, for which period they
are represented by 141.7, and fell to 35 in 1911. Cheese exports de-
clined enormously from the highest figure, 494.8, in 1880-1889, to
47.8 in 1911. On the contrary, eggs have displayed a climbing tend-
ency and have risen from 0.8 in 1870-1879 to 127 in the five years
1905-1909, and to 199.9 in 1911.

All beef and its products have been combined as far as they are
ascertainable in pounds, and then it appears that the period of highest
exports was the five years 1900-1904, the index number being 103.
It was 43 in 1911. Canned beef was highest at 135.8 in 1890-1899
and fell to 21.9 in 1911; fresh beef dropped from 116.1 in 1900-1904
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to 16.1 in 1911; oleomargarine, oleo oil, tallow, and salted and
pickled beef were all highest in the five years 1905-1909.

The total for pork and its products reached the highest export
mark, 102.2, in 1900-1904, and fell to 65.9 in 1911. Some pork ex-
ports were highest in 1905-1909, and these were salted and pickled
pork and lard.

Lard compounds are represented by 16.8 in 1893-1899, by 68 in
1900-1904, by 132 in 1905-1909, and by 135.5 in 1911. Mutton also
is able to increase its exports, and at the end of the period of 42
years under examination has the index number 164. Again, in the
case of animal oils not specially named, there is a similar tendency,
and the number for 1911 is 226.

In the case of cotton the exports were 35.7 in 1870-1879, and the
number steadily rose to 110.9 in the five years 1905-1909. It was
85.7 in 1910 and 107.8 in 1911.

Dried apples gained steadily until 101.1 was reached in 1905-1909,
and fell to 64.6 in 1911, but fresh apples have gained to the last
year, for which the number is 146.7. Both prunes and raisins have
an upward tendency to 1911, the former being represented by 133.8
and the latter by 367.1. Glucose and grape sugar may be added to
the list of products with gaining exports.

Barley has fallen from 109.9 in 1900-1904 to 89.1 in 1911; corn
and corn meal, from 117.8 in 1900-1904 to 69.3 in 1911; oats, from
123.4 to 13.4; rye and rye flour, from 139.5 to 2; wheat, from 131.8
to 28.6; wheat flour, from 118.8 to 65.5. Bread and biscuit had
highest exports, 124.8 in 1880-1884, and after a decline to 96.1 in
1905-1909 rose to 111.1 in 1911.

Hay declined from 111.8 in 1900-1904 to 72.2 in 1911; cotton seed,
from 120 to 37.1; clover seed, from 133.3 to 89.7; beans and pease,
from 102 to 77.8.

On the contrary, corn-oil cake has advanced to 164.1 in 1905-1909
and to 275 in 1911; hops to 115.5 in 1905-1909; cottonseed oil cake
and oil-cake meal to 104.4 in 1905-1909; flaxseed, oil cake, and oil-
cake meal to 110.7; cottonseed oil to 108.4; linseed oil to 184.3; rice
to 165.8; rice bran, meal, and polish to 106.6; flaxseed to 110.2;
timothy seed to 123.1; onions to 125.2; potatoes to 124.9 in 1905-1909
and to 262.9 in 1911.

Tobacco had the index number 85.4 in 1890-1899; 101.1 in 1900-
1904 ; 98.9 in 1905-1909; 110 in 1910; and 109.4 in 1911.

SUMMARY.

The numbers quoted in the foregoing presentation may be re-
garded as fairly indicating the upward or downward tendency of
exports of the products mentioned.
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Most of the cereals and their products, all of the animals, and
most of the meats and their products are going down in quantity of
exports, and these three great general classes of products have filled
a large place in the body of exports. Only mutton and unspecified
animal oils, rice and its bran, meal, and polish, corn-oil cake, glucose
and grape sugar, and perhaps bread and biscuit in these three great
groups of exports display a tendency to increase.

A long record of increase is presented by cotton, hops, and to-
bacco. Comparatively recent products have joined the old list and
give evidence of increase. Among these are cottonseed oil and flax-
seed and cottonseed oil cake and oil-cake meal, linseed oil, flaxseed,
and lard compounds. Among the fruits that are gaining are prunes,
raisins, and fresh apples, and among the vegetables are onions and
potatoes.

ECONOMIC RESULTS OF COLD STORAGE.
SPECIAL INVESTIGATION BY THE DEPARTMENT.
REASONS FOR THE UNDERTAKING.

Investigations of cold storage have heretofore been directed toward
the subject from the point of view of the pure-food advocate. Legis-
lation, actual and proposed, assumes that foods are kept in cold
storage in large quantities for long periods of time, so long that
the qualities of the foods deteriorate. Particular instances of storage
for periods longer than a year and even two years have had promi-
nent publicity and the inference has been drawn that such long-time
storage is common. The cold-storage men were not believed when
they asserted that the time of storage was usually not excessive. It
has been charged against them, too, that they use cold storage for
speculation and for squeezing consumers.

Because of lack of information with regard to the management of
cold storage and in view of some current criticisms of the business
this department made an investigation in September and October of
this year.

METHOD OF PROCEDURE.

Schedules were prepared for statements of quantities of receipts
of fresh beef, mutton, and pork; of dressed poultry, butter, and
eggs, and of fresh and frozen fish during each month during a period
of two years. The period began with March, 1909, for dressed
poultry, eggs, and fish; with May, 1909, for the other commodities.

The schedules also provided for a statement of the deliveries each
month out of storage to the end of August, 1911, against the receipts
of each month.

Another schedule was designed for a report of the charges of
storage and of the weights of packages.
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The bulk of the cold-storage business is carried on in towns and
cities where the Bureau of Animal Industry performs meat inspec-
tion, and at all of these places the inspectors in charge were re-
quested to apply to the owners or managers of cold-storage ware-
houses, whether public or private, for the information indicated by
the schedules. Warehouses outside of the area of the jurisdiction of
the inspectors were approached by mail. The services of the Bureau
of Animal Industry in this undertaking were performed with fidelity
and with as high a degree of thoroughness as the local circumstances
permitted. )

The schedules that were returned were placed in charge of the
Bureau of Statistics of this department for tabulation and the deri-
vation of such results as could be extracted from them.

It appeared in the progress of the undertaking that many ware-
houses did not keep their records in such form as to permit the
making of the statements requested, or at any rate not without a
practically impossible amount of work. Many of the warehouse-
men made the reports after weeks of laborious efforts. With two
or three exceptions, the disposition of the warehousemen was to make
the reports and to give publicity to the features of their business pro-
vided for in the schedules.

It may not be generally understood that cold-storage warehousemen
who do a public business rent space to the owners of commodities.
The goods stored are owned by the customers and not by the ware-
housemen. In private warehouses, such as are owned and used by
the meat packers, the commodities stored are owned by themselves.

COMPILATION OF PRICES FOR 30 YEARS.

In connection with the application to the cold-storage warehouse-
men for statements, several experts in the Bureau of Statistics ex-
hausted the resources of the library of this department and of Con-
gress, and the libraries of other departments, in collecting wholesale-
price quotations of the commodities included in the investigation.
The first quoted price of each month was taken as far back as Octo-
ber, 1880, and from that time to October, 1911. During this period
of 30 years grades have changed, and also the quoted grades. Error
due to this fact was avoided by taking prices for grades that re-
mained uniform from October to October of the next year, since the
series of 13 prices for each year, October to October, was to be con-
verted to index numbers based on the mean monthly price for the
year. The purpose of this compilation was to observe fluctuations
before cold storage existed or was of considerable account, and to com-
pare with fluctuations in recent years, during which this business has
grown to large proportions.
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IMPORTANT CONCLUSIONS WARRANTED.

Out of the great mass of details contributed by the warehousemen
and obtained by the price experts and out of the profusion of the
derived results extracts are made for concise and pointed conclusions.
The information obtained is sufficient to alter some old views with
regard to cold storage, and it also establishes new ones.

LENGTH OF TIME IN STORAGE.

PRINCIPAL MONTHS WHEN COMMODITIES ARE RECEIVED.

Warehousemen were requested not to include in their reports com-
modities whose owners intended to keep them in cold storage only
a few days and to make no report for a warehouse doing only a tem-
porary accommodation business. No reports, also, were to be made
for fresh meats in coolers; nor was the time passed in coolers to be
added to the time in cold storage proper.

The two years covered by the investigation begin with March for
dressed poultry, eggs, and fish; with May for fresh beef, mutton,
and pork and butter.

The principal months when fresh beef is placed in cold storage
are September, October, and November ; mutton, August, September,
and October; butter, June, July, and August, and sometimes May;
eggs, April, May, and June. Pork is quite well distributed through-
out the year, and the prominence of winter in the receipts into cold
storage is barely perceptible. Poultry is made up of diverse ele-
ments. Broilers go into storage from the latter part of August until
November and roasters from October to December. There are besides
the different varieties of poultry. November, December, and Janu-
ary, and sometimes October, are the heaviest storage months.

With regard to fish, there seems to be no regularity in the heavy
months; the three heaviest months in the year beginning with March,
1909, were August, November, and January, but in the following year
the months were April, July, and December. The kinds of fish that
go into cold storage are seasonable, and the natural supply does not
last throughout the year. There are also often two storages for
fish. In the initial one the fish is received fresh at the place where
caught and kept a length of time determined by circumstances. This
place is not usually one of consumption, so that in that event the fish
is transferred frozen to cold storage at a place where it is to be
consumed. In this investigation the two storages are added together
in stating time of storage.

During the three heavier cold-storage months of 1910-11, 47 per
cent of the fresh beef placed in cold storage during the whole year
~ was received into the warehouses; 59.8 per cent of the fresh mutton;
59.2 per cent of the dressed poultry; 70 per cent of the butter; and
79.4 per cent of the eggs

'
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DELIVERY WITHIN SPECIFIED NUMBER OF MONTHS.

“Delivery ” is the word used in the business to indicate a taking
out of storage, because the deposit is delivered back to the owner.

The New York cold-storage law of this year limits the storage
of foods to 10 months, except that butter may remain for 12 months.
The New Jersey law of this year fixes a limit of 10 months. The
Heyburn bill assigns a limit of seven months to fresh beef, four
months to veal, pork, and mutton, and three months to lamb, poultry,
game, fish, eggs, and butter.

It is established by this investigation that 71.2 per cent of the
fresh beef received into cold storage in the year 1909-10 was deliv-
ered within three months, 28.8 per cent of the fresh mutton, 95.2
per cent of the fresh pork, 75.7 per cent of the poultry, 40.2 per cent
of the butter, 14.3 per cent of the eggs, and 35.5 per cent of the fish.

Within four months after it was received 86 per cent cf the fresh
beef was delivered, 42.7 per cent of the fresh mutton, 96.5 per cent
of the fresh pork, 85.3 per cent of the poultry, 53.4 per cent of the
butter, 22.6 per cent of the eggs, and 49.5 per cent of the fish.

The percentage of receipts delivered in seven months is 99 for
fresh beef, 99.3 per cent for fresh mutton, 99.9 per cent for fresh
pork, 96.1 per cent for poultry, 88.4 per cent for butter, 75.8 per
cent for eggs, and 64.9 per cent for fish.

Lastly, let the percentages for the deliveries of 10 months be stated.
These are represented by 99.7 per cent for fresh beef, 100 per cent for
fresh mutton and pork, 98.9 per cent for poultry, 97.8 per cent for
butter, 99.9 per cent for eggs, and 77.5 per cent for fish.

It is possible to parallel the above statement with one for the fol-
lowing year, 1910-1911, for the deliveries of three and four months,
but not for a longer time. The figures for three and four months
are most of them considerably below those quoted for 1909-10.

The important observation to be made is that the receipts into cold
storage are entirely or very nearly exhausted by the deliveries within
10 months.

PERCENTAGE OF RECEIPTS HELD LONGER THAN A YEAR.

So common is the belief that large quantites of food are held in
cold storage for more than a year that it is worth while to learn what
fraction of the receipts of the warehouses embraced in this investiga-
tion has been in storage longer than 12} months. In March, 1909,
poultry was placed in some of these warehouses; on September 1,
1911, 293 months afterwards, not any remained. All of the other
commodities covered by this investigation had been delivered. The
same fact applies to the commodities received 283 months before.
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In one warehouse there was discovered some fresh mutton that had
been in cold storage for 274 months, and this was 10.2 per cent of the
fresh-mutton receipts of all reporting warehouses for May, 1909. Of
the receipts of butter in that month, 0.3 of 1 per cent remained Sep-
tember 1, 1911.

So, determining the percentages in a similar manner, it was found
that 0.1 of 1 per cent of the receipts of poultry for a month was still
in cold storage at the end of 261 months and 0.3 of 1 per cent in the
case of butter.

For a storage of 21} months, fresh mutton is represented by 0.8
of 1 per cent and poultry by 0.4 of 1 per cent. Poultry has 0.1 of
1 per cent for 194 months, 0.2 of 1 per cent for 184 months, 0.1 of 1
per cent for 173 months, less than 0.05 of 1 per cent for 16§ months.
For 16} months butter has 0.5 of 1 per cent and for 15} months 3.3
per cent, while mutton for the last period has 0.5-0of 1 per cent.

For 14} months in cold storage, 0.1 of 1 per cent stands for fresh
mutton, less than 0.05 of 1 per cent for poultry, 3.5 per cent for
butter, and 0.1 of 1 per cent for fish. .

Fresh beef had 0.1 of 1 per cent still in cold storage at the end of
134 months; fresh mutton, 2.2 per cent; fresh pork, less than 0.05
of 1 per cent; poultry, 1.3 per cent; butter, 6.6 per cent; and fish, 10.5
per cent.

At the end of 12} months fresh beef had 0.5 of 1 per cent in stor-
age; fresh mutton, 0.6 of 1 per cent; fresh pork, less than 0.05 of 1
per cent; poultry, 0.2 of 1 per cent; butter, 6.5 per cent; and fish, 13
per cent.

This statement covers all of these commodities held in cold storage
longer than 123 months. Warehousemen explain excessively long
storages by stating that they are caused by lawsuits and other circum-
stances of an uncommercial nature.

AVERAGE LENGTH OF STORAGE.

Since the receipts and deliveries were reported by warehousemen
for each month, it is easy to compute the average time of storage.
The fresh beef received into storage during the year beginning with
May, 1909, was kept there on the average for 2.3 months; the fresh
mutton, 4.4 months; the fresh pork, 0.9 of 1 month; and the butter,
4.4 months. The poultry received during the year beginning with
March, 1909, was kept on the average 2.4 months; the eggs, 5.9
months; and the fish, 6.7 months.

The average time of storage differs as between the first and the
second half of the year adopted for the purposes of this investigation.
The average time for fresh beef in the first half of the year is 2.6
months, in the second half 1.8 months; fresh mutton in the first half
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4.8 months, in the second half 3 months; fresh pork in the first half
0.8 of 1 month, in the second half 1 month; poultry in the first
half 2.6 months, in the second half 2.4 months; butter in the first
half 4.5 months, in the second half 4 months; eggs in the first half
6.1 months, in the second half 1.7 months; fish in the first half 6.8
months, in the second half 6.7 months.

COSTS OF STORAGE.
STORAGE CHARGE, INTEREST, AND INSURANCE.

In the foregoing treatment of the information obtained with re-
spect to the length of time commodities are held in cold storage, the
subject has been examined from several viewpoints, It is apparent
that long storage is exceptional. '

The costs of cold storage are running against the prices of the
commodities month by month. The owners must use good judgment °
and take their goods out of storage before the costs of storage, added
to the original cost of the goods and some profit, will raise the total
amount of cost above the market price. It is a problem of the future.
Sometimes the owner of the goods errs in judgment and fails to make
a profit, again he fails to get back the cost of goods and the costs of
storage, and yet again he gets back all costs and a large rate of profit.

The warehouseman has a rate of charge for space for each com-
modity, in some cases for storing for the “season,” and in others
by the month. Another cost of storage is interest, which is not
always a theoretical cost, because the owners of the commodities often
borrow money on the security of their warehouse receipts, or other-
wise. A third cost is insurance.

If these three costs are combined they amount to 0.437 of 1 cent
per pound of fresh beef per month, or 3.5 per cent of the mean
wholesale price of beef from September to November, 1910, the latest
period of heavy warehouse receipts within the period covered by this
investigation; for fresh mutton the costs are 0.352 of 1 cent per
pound, or 3.8 per cent of the mean wholesale price in the heavy stor-
age months, August to October, 1910; for fresh pork, 0.398 of 1 cent
per pound, or 3.7 per cent of the mean wholesale price of January
and February, 1911; for poultry, 0.446 of 1 cent per pound, or 2.8
per cent of the mean wholesale price of the largest class of poultry
during October, 1910, to January, 1911; for butter, 0.571 of 1 cent
per pound, or 2.4 per cent of the mean wholesale price of butter
during June to August, 1911; and for eggs, the costs amount to 0.593
of 1 cent per dozen, or 3 per cent of the mean wholesale price of
eggs, April to June, 1910.

The wholesale prices adopted for these commodities are the means
of a few cities in all parts of the country.
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It is evident that as the time of storage lengthens the costs and
their percentage of the wholesale price must be multiplied by the
number of months. If the storage is for 15 months, for instance,
the cost per pound ranges from 5.273 cents for fresh mutton to 8.572
cents for butter, and is 8.898 cents per dozen for eggs; the costs for
15 months range from 36.5 per cent of the wholesale price in the case
of butter to 57.5 per cent in the case of fresh mutton.

For the average length of time in cold storage, as ascertained in
this investigation, the actual costs are: For fresh beef, 0.997 of 1
cent per pound; fresh mutton, 1.564 cents per pound; fresh pork,
0.350 of 1 cent per pound; for poultry, 1.079 cents per pound; for
butter, 2.532 cents per pound; for eggs, 3.505 cents a dozen.

The costs of storage for the average length of time are 7.9 per cent
of the wholesale price for fresh beef; 17.1 per cent for fresh mutton;
3.2 per cent for fresh pork; 6.8 per cent for poultry; 10.8 per cent
for butter, and 18 per cent for eggs.

Approximately the wholesale prices of the commodities mentioned
are increased by cold storage to the extent of the percentages ]ust
given.

CHANGES IN CONSUMPTION CAUSED BY COLD STORAGE.

Before the advent of cold storage there was a relative monthly
consumption of commodities, such as the foods now stored, through-
out the year which was adapted to the current supply, and that
supply was more or less closely related in time to the production.

Cold storage has interposed to change considerably the relative
monthly consumption and to make it more even throughout the year.
To illustrate with a supposition, if 1 per cent of the total amount of
eggs consumed in a whole year were consumed in December before
the day of cold storage, perhaps 3 per cent is the figure for the
present time.

There has also been a change in relative monthly prices, due to cold
storage. In the case of eggs the relative price has increased in
the season of natural plenty and diminished in the perlod of natural
scarcity.

These two facts, the changes in the relative monthly consumption
and prices upon passing to the cold-storage period, have been arith-
metically related to each other for eggs and butter to discover the
effect on the mean price for the year. It is not an undertaking
that can be worked out with precision and can be only indicative.

The results are that in the cases of both butter and eggs the annual
price level has been raised by cold storage, for a reason apart from
the costs.

In two ways, then, cold storage has raised the cost of living.
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TENDENCY TO UNIFORMITY OF PRICES THROUGHOUT THE YEAR.

THIS RESULT NOT ALWAYS INDICATED.

The prices of commodities compiled for use in this investigation
begin with October, 1880, and end with October, 1911, a period of 30
years. It is the opinion of men who are well informed that at about
1893 the quantities of the commodities covered by this investigation
that were placed in cold storage were large enough relative to the
total supply to have perceptible influence on prices. For this reason
the prices, which are the first quoted ones for each month, are
reduced to a mean for the period beginning with October, 1880, and
ending with October, 1893. In this period are found conditions as
they existed before the advent of cold storage.

The cold-storage period is subdivided in order that the prices of
the later years may be observed. The second period adopted extends
from October, 1893, to October, 1902, and the third one from October,
1902, to October, 1911. The prices of each period have been reduced
to a mean for each month, as in the case of the first period.

The next step is the conversion of the mean price of the first of
each month for each group of years into a percentage of the mean
for the year. This gives index numbers that very much facilitate an
understanding of the subject.

It is evident, if the percentages, or index numbers, are 100 for all
months, that there is complete uniformity of prices throughout the
year. Therefore a tendency toward uniformity of prices is a tend-
ency toward 100, whether the index number is above or below 100.

In comparing the first period with the last it appears that there
was a tendency toward uniformity of prices in the case of butter in
11 out of the 13 months, or much more than half; in the case of eggs
and fresh mutton in 9 months; poultry, 8 months. Less than half
of the months exhibit this tendency in the cases of the other com-
modities—5 months for fresh pork and 3 months for beef.

If the second and third periods are compared, it appears that
under the régime of cold storage there has been a tendency toward
uniformity of prices for butter, eggs, and fresh mutton; away from
uniformity for fresh beef and fresh pork; and no change for
poultry.

Another aspect of the matter may be had by noting the range of
prices for the three periods.

For butter the difference between the highest and lowest index
numbers is 43.3 for the first period, 29.4 for the second, and 24.1 for
the third. An approach toward uniformity is apparent, because the
range between highest and lowest prices diminishes.

In the case of butter the range of prices increases from 72.3 for
the first period to 74.6 for the second, but declines to 63.4 for the
third.
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An unbroken tendency toward uniformity appears in the case of
poultry, since the range between highest and lowest prices dimin-
ishes from 28.9 for the first period to'23.5 for the second and to 15.9
for the third.

Both fresh beef and fresh pork seem to have been subject to less
uniformity of prices in the third period than in the first, as indicated
by increasing range between highest and lowest. The range for beef
rose from 8.2 in the first period to 9.4 in the second and to 14.3 in the
third.

The range for pork fell from 14.4 in the first period to 14 in the
second, but rose above the first to 16.7 in the third.

The foregoing examination of range of prices substantially indorses
the other process in pronouncing in favor of a tendency toward
uniformity of prices with regard to butter, eggs, poultry, and fresh
mutton, and of a tendency away from uniformity with regard to
fresh beef and fresh pork.

SPECULATION.
EVIDENCE THAT IT SOMETIMES EXISTS.

An examination of the record of the prices of commodities prepared
for this investigation gives a suspicion that there has been much
speculation in some years by the men who keep them in cold storage.
One illustration may be given. The egg year 1910-11 had 29 per
cent more eggs in cold storage than the preceding year, and yet the
price index number went much higher in the months when it is
high—October to January—and much lower in the months when it
is low—March to July following.

At a time when there was a plenty of eggs in storage the whole-
sale price of eggs soared to 43 cents in Boston in November and
December and to 45} cents in New York for near-by State eggs.
There was an apparent mistake of the storage men in overestimating
the consumption of the public at exorbitant prices, because so large
was the unsold quantity at the beginning of the next egg year in
the spring of 1911 that the wholesale price of eggs fell in April to
184 cents in Boston and New York, and the storage men dumped so
much on the foreign market as to make the greatest quantity of eggs
ever exported from this country in a year.

STORED GOODS AS A PERCENTAGE OF CONSUMPTION.
LARGE ENOUGH TO BE OF PUBLIC CONCERN.

This business of storing foods has grown to such proportions
that consumers have a rightful concern with its management for
economic as well as sanitary reasons. From the returns made to this
department by the cold-storage warehousemen, it is inferable that
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the fresh beef, fresh mutton, fresh pork, poultry, butter, eggs, and
fish received into cold storage in a year amounts to a weight of at
least 1,000,000,000 pounds and very likely to a quarter of a billion
more.

The eggs received into storage in a year are approximately 13} per
cent of the farm production; the fresh beef is over 3 per cent of the
census commercial slaughter of cattle; mutton over 4 per cent of
that slaughter of sheep and lambs; fresh pork 11} per cent of that
slaughter of hogs; and butter 25 per cent of the creamery production.

RECOMMENDATION.
PUBLICITY.

This is no indictment of the men who keep foods in cold storage,
except in so far as they sometimes speculate, nor need they be in-
dicted for offenses in order that the public econemic interest in their
business may be made to appear. The foregoing matter, it may be
supposed, establishes that. The man who places food in cold storage
is somewhat in the situation of the man who forestalls the market.
He may not attempt to do so, but the power may be a temptation.

The affairs of such a business as this should have publicity. The
public ought to know how much goods are in storage from month to
month and what the movements of receipts and deliveries are.

The food warehousemen should be required to send to Washington
monthly reports containing the desired information. Here these
reports could be promptly aggregated and the results could be given
to the public on a previously. announced day of the month, somewhat
as the crop reports are.

WORK OF THE DEPARTMENT IN 1911.

IMPROVEMENT IN BUSINESS METHODS.

On September 20, 1910, I appointed a committee on economy and
efficiency to investigate business methods in the department and to
report to me such changes as might seem desirable. After a very
comprehensive and thorough inquiry this committee reported that in
the main the business methods of the department are economical,
adequate, and efficient. Some changes were recommended, which were
approved by me and became effective June 21, 1911. While this in-
quiry was in progress, the committee cooperated to the fullest extent
possible with the President’s committee on economy and efficiency,
and a great deal of critical, analytical, and constructive work was
done, and full reports were furnished to the President’s committee
by the departmental committee and by the various bureaus, divisions,
and offices.
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CHANGES IN PERSONNEL.

The number of officers and employees on the rolls of the depart-
ment July 1, 1911, as shown by the report of the Appointment Clerk,
is 224 in excess of the number reported for the fiscal year 1910. The
.employees located in Washington number 2,514, while 10,190 are
employed elsewhere. During the year 57,884 changes of every de-
scription were made, including the appointment of 33,709 fire fighters
in the Forest Service, employed for brief periods, none exceeding
six months. The number of persons receiving probationary ap-
pointment (equivalent to absolute appointment if the appointee is
retained in the service after the probationary period) was 1,168.
Ninety persons were reinstated and 60 were transferred from other
departments; 694 resigned; 56-died in the service; and 42 were dis-
missed because of misconduct.

On July 1, 1911, there were 4,068 officers and employees on the
statutory roll (comprising positions specifically appropriated for by
Congress), and 8,636 were paid from lump-sum appropriations,
making a total enrollment of 12,704, not including the temporary
employees appointed after January 1, 1911, nor temporary field

employees.
OFFICE OF THE SOLICITOR.

The fiscal year 1911 marked the period of the greatest activity in
the Office of the Solicitor since its creation in 1905. During the
year the administrative machinery for carrying out the several regu-
lative acts of Congress enforced through the department has in-
creased in efficiency. The duties of the department under these acts
are becoming more sharply defined and better understood ; as a result
the duties and responsibilities of the Office of the Solicitor have
been very largely increased. The more important of these acts of
Congress are the statutes regarding the occupancy and use of the
National Forests, the meat-inspection law, the food and drugs act,
the 28-hour law, the live-stock quarantine act, and the Lacey Act.
The normal expansion along existing lines of activity in other
branches of the department has also contributed greatly to the vol-
ume of the work of this office. The legal work of the Forest Service
was placed under the immediate direction of the Solicitor on Janu-
ary 15, 1910, and in the report for the fiscal year 1911 there is in-
cluded for the first time a statement of the legal work performed
by this office on behalf of the Forest Service during a full fiscal year.

WORK FOR FOREST SERVICE.

The legal work transacted on behalf of the Forest Service falls
naturally into the following divisions: Opinions, contracts, claims,
regulations, trespass cases, general litigation, and hydroelectric

20139°—vyBx 1911—3
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power permits. The subject “ trespass cases” resolves itself into
four subdivisions: Grazing, timber, fire, and occupancy cases. Dur-
ing the fiscal year 1911 the Solicitor rendered 56 formal opinions,
in writing, to officers of the Forest Service on the legal phases of
questions arising in connection with the administration of the Na-
tional Forests. Four hundred and twenty-three agreements and 196
leases were prepared, and the sufficiency of the execution of the same
examined during the fiscal year 1911. More than 2,300 cases in-
volving claims to land within the National Forests have been con-
sidered by the office during the year. Twenty-four cases as a basis
for criminal prosecution and 12 actions for injunctions as a result
of grazing trespasses were reported to the Attorney General. Cordial
cooperation with the Interior Department has contributed to the
efficient administration of the National Forests. In two cases of
timber trespass, decided during the year, the Government recovered
$47,000. Railroad companies operating through the National Forests
have been compelled by the courts to live up to stipulations for the
protection of the forests against fire and other damage. The im-
portant case of the United States ». Grimaud, in which the Supreme
Court of the United States had divided upon a previous argument,
was again presented to the court and a unanimous decision of far-
reaching effect was secured, approving the administration of the
National Forests through the regulations of the Secretary, and sus-
taining the right of the Government to enforce such regulations by
criminal prosecution. Regulations regarding the occupancy of lands
in National Forests, the subjects of grazing, special uses, trespass,
and timber sales were revised during the year.

MEAT-INSPECTION LAW.,

One hundred and one violations of the meat-inspection amend-
ment were reported to the Attorney General in the fiscal year 1911.
Forty-three cases terminated in favor of the Government during the
same period, fines or sentences of imprisonment being imposed, the
fines amounting to $3,240. In one case there was a verdict for the
defendant, eight cases were dismissed, sentence was suspended in
three cases, and in four instances no true bill was returned. Seventy-
four cases arising under this statute were pending at the close of
June 30, 1911. ,

FOOD AND DRUGS ACT.

The food and drugs act has been effectively enforced during the
year by the department and the United States attorneys. Cordial
cooperation has existed between this department and the Depart-
ment of Justice. The prime object of the food and drugs act was
declared in the report (No. 1780, 61st Cong., 1st sess.) of the House
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Committee on Expenditures in the Department of Agriculture to be
the securing of wholesome food and properly labeled drugs for the
people at large. No leniency has been shown in any case based on
foods alleged by the Bureau of Chemistry to contain added poison-
ous or deleterious ingredients which might render them injurious
to health. Eight hundred and twenty-five cases were reported for
criminal prosecution, and 837 seizures of adulterated and mis-
branded foods and drugs were recommended ; making 1,162 cases or
40 per cent of the whole number of cases reported since the act went
into effect on January 1, 1907. There were 683 cases prosecuted
by the United States attorneys or about 50 per cent of all the cases
brought to judgment up to June 30, 1911. About $16,000 was the
amount of the fines imposed, and costs were generally assessed
against the defendants. Decrees of condemnation and forfeiture
were entered against over 275 shipments of adulterated and mis-
branded foods and drugs, and it was insisted that in every case
where foods were found to consist of filthy, decomposed, or putrid
substances or to contain poisonous or deleterious ingredients orders
be entered directing the destruction of the goods.

Cooperation with the department by some of the State food and
drug officials has continued throughout the year, and cases based
upon samples collected and examined by the collaborating officials
have been reported to the Attorney General after being considered
by the department when the results of the investigations have war-
ranted such action.

Two important cases under the food and drugs act were decided
by the Supreme Court during the year. The first was Hipolite Egg
Co. ». United States. The case grew out of the seizure of 50 cans
of preserved eggs under section 10 of the act in the southern district
of Illinois. A decree of condemnation and forfeiture, with costs,
was entered by the trial court, and the Hipolite Egg Co. appealed,
asserting that the court was without jurisdiction because the eggs’
had not been shipped for sale within the meaning of the food and
drugs act, and, further, that the court was without jurisdiction to
assess the costs of the proceedings against the claimant. The decree
below was affirmed, and the Supreme Court held that adulterated
articles of food which have been transported in interstate commerce
are subject to seizure and condemnation as long as they remain in
the condition in which they were transported—that is, “in the
original unbroken packages.” The jurisdiction of the district court
to assess costs was also upheld.

In United States v. Johnson the decision was adverse to the
Government. In this case misbranding was alleged of a so-called
“mild combination treatment for cancer,” consisting of several pack-
ages bearing statements that the treatment would effect the cure of
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cancer. The indictment alleged that these representations were false
and misleading statements regarding the article and that the drug
was misbranded, because analysis showed the treatment to be worth-
less and ineffective for the pretended purpose. On defendant’s mo-
tion to quash, the district court for the western district of Missouri
held that inquiry under the food and drugs act does not extend to
the question whether a product is effective or worthless to accomplish
the results claimed for it on the label. The judgment of the district
court was affirmed by the Supreme Court. Following this decision
the President sent a message to Congress urging the immediate neces-
sity for remedial legislation.

TWENTY-EIGHT-HOUR LAW.

Under the 28-hour law 598 instances of apparent violations were
reported, 350 cases were disposed of, and 30 cases were decided ad-
versely to the United States. Penalties aggregating $26,075 and
costs amounting to $5,783.85 were imposed. Eight hundred and seven
cases were pending under this statute at the close of June 30, 1911.
During the fiscal year a number of important decisions of the Fed-
eral courts were handed down in cases arising under this statute, the
most important being the opinion of the Supreme Court of the United
States in Baltimore & Ohio Southwestern Railroad Co. v. United
States, in which the unit of violation under the statute was finally
determined. The opinion of the Supreme Court makes the number
of penalties dependent upon the number of times a carrier fails to
comply with the statutory duty to unload, whether the particular
group of animals not unloaded be one shipment or a trainload of
stock. The tendency of courts to assess larger penalties than pre-
vmusly is noteworthy In only 19 cases was a penalty over $100 as-
sessed in 1910—the minimum fixed in the act—while in 1911 the pen-
alty was more than $1001in 46 cases and the maximum fine was in 8 cases
$500, as compared with a maximum of $400 in only 1 case in 1910.

LIVE-STOCK QUARANTINE LAWS.

The statutes for the prevention of the spread of live-stock diseases
have been vigorously enforced. One hundred apparent violations
of these laws were reported to the Attorney General during the fiscal
year 1911. Of these 90 were apparent violations of the act of March
3, 1905, and 10 were alleged violations.of the act of May 29, 1884.
In all penalties amounting to $5,580 were imposed in the 51 cases

where a conviction was secured.
LACEY ACT.

During the year four cases arising under sections 242 and 243 of
the Criminal Code of the United States, commonly known as the
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Lacey Act, were reported to the Attorney General. The case against
the 23 Japanese poachers who were arrested on Laysan Island in the
act of killing birds was successfully prosecuted, the defendants being
fined and imprisoned.

INSECTICIDE ACT,

The appropriation for the enforcement of the insecticide act did
not become available until March, 1911. During the last four months
of the fiscal year several formal and informal opinions on the con-
struction of important sections of the statute were rendered, general
guaranties filed under section 9 of the act were examined, and con-
siderable correspondence was had with wholesalers, jobbers, and
dealers.

PATENTS OBTAINED,

Nine applications for letters patent on inventions of employees of
the department, for dedication to the public, were filed in 1910 and a
like number in 1911. Of the pending cases 10 applications were al-
lowed in 1911 as against 5 allowed and 1 disallowed in 1910. These
inventions cover a wide range, including a plant-trimming machine,
a process for wood impregnation, a camera support, a machine for
testing the life of typewriter ribbons, devices for marking meats, and
a method for constructing macadam roads.

OTHER WORK.

In addition to a compilation of references to the legislative history
of acts of Congress enforced by the department, for use in construing
any of the provisions of such statutes, and a revision of the Laws
Applicable to the Department of Agriculture, embracing a compila-
tion of existing statutes applicable to this department, the Solicitor
prepared 442 notices of judgment for publication under the authority
of section 4 of the food and drugs act, and prepared 20 circulars
embodying decisions of the courts construing statutes intrusted to the
department for execution. There is also in preparation a supplement
to the annotated edition of the 28-hour law, bringing the original
edition up to date.

The foregoing summary of the legal business transacted by the
Office of the Solicitor scarcely conveys an adequate idea of the
volume and character of the work actually performed. An exam-
ination of the reports of the various United States attorneys for
the fiscal year 1911, made to the Attorney General, shows that the
legal business of this department has increased in volume and im-
portance to a very marked degree during that period. These re-
ports, of course, make no mention of the legal business of the
department which is finally disposed of by this office, not being
ultimately referred to the Ulnited States attorneys.



38 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.
WEATHER BUREATU.

The work of the Weather Bureau during the year has been carried
on along accustomed lines. Its practical operations have consisted
in the collection and dissemination of weather information and the
issue of forecasts and warnings, and its remaining energies have been
devoted to the study of meteorological problems yet unsolved. The
routine work has been characterized by extension into new fields
wherever opportunity was offered, mainly in the fruit-growing dis-
tricts of the West, where spring frost warnings have been distributed
under a more specialized system. The marine work has been enlarged
to include meteorological charts for the Great Lakes and the Indian
Ocean, which were formerly not represented in the series of ocean
meteorological charts. Studies of conditions in the upper atmos-
phere, of solar radiation, and of the effect of climate on forests and
stream flow constitute the special investigations conducted by the
bureau during the year.

STUDIES OF THE UPPER ATMOSPHERE.

Kite flights at the Mount Weather Observatory and sounding-bal-
loon campaigns at Huron, S. Dak., and Fort Omaha, Nebr., during
the year completed four consecutive years of kite and balloon records.
The results obtained during the year have been highly satisfactory.
There were three distinct branches of this investigation: (1) Sound-
ings of the upper air over Mount Weather, Va., by means of kites and
captive balloons; (2) soundings of the air at great altitudes by means
of free balloons carrying meteorological instruments; and (3) a
study of temperature and pressure changes in the lower layers of
the air at summit and base stations in the mountains of Colorado.

The exploration of the atmosphere by means of sounding balloons
has become an international work. While a matter of general
scientific interest, its importance to the Weather Bureau naturally
hinges on the expectation that the facts disclosed may eventually
be utilized in the improvement of weather forecasts. The discovery
of conditions in the upper atmosphere altogether different from those
formerly supposed to exist has been described in previous reports.
The most important of these discoveries is the existence of a region
in which a fall in temperature with increasing altitude ceases to take
place. This stratum is encountered between 6 and 7 miles above the
earth’s surface and continues upward to an indefinite height. It is
usually referred to as “the upper inversion.” The most interesting
facts regarding the upper inversion have to do with its variations in
temperature and the movement of its winds.

Contrary to the order prevailing at the surface of the earth, the
lowest -temperatures of the upper inversion are found in equatorial
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regions and the highest in the middle latitudes. Furthermore, its
temperature, while practically constant from season to season, varies
greatly from place to place and from day to day. European investi-
gations seem to show that the beginning of the upper inversion is
found at a lower altitude over cyclonic than over anticyclonic areas,
and that it is higher in summer than in winter. Observations in
this country coincide with those in Europe as to the winter and sum-
mer heights, but are inconclusive respecting the supposed relation
of its altitude to areas of differing atmospheric pressure.

Sounding balloon ascensions have added much to our knowledge
of the temperature of the atmosphere up to heights of 9 miles, and
even higher, but the number of ascensions above that altitude is yet
small. The lowest temperature recorded in any of the Weather
Bureau’s series of observations is —92° F. at Huron, S. Dak., in
September, 1910. The vertical distribution of temperature in dif-
ferent sections of cyclones and anticyclones presents at times unusual
features; the importance of which will be realized when it is remem-
bered that forecasts of temperature changes are at present based en-
tirely upon prevailing surface temperatures without taking into
account the possible modifying effects that unusual temperature con-
ditions above may introduce later.

Equally interesting are the facts regarding wind direction and
velocity in the upper atmosphere. Observations show that while
the lower limit of the upper inversion is not sharply defined, the
air motion in the explored part of that region partakes of and is to
some extent controlled by that of the lower atmosphere on which it
rests. At the same time it also appears that the gyratory motion
of the air characteristic of cyclones at the earth’s surface and for
some distance above does not extend far upward. The general con-
clusions as to the winds in the upper invezsion in their relation to
those of the lower layers are that the air currents are from some
northerly direction on the east side of anticyclones and from some
southerly direction on the west side, and that under practically all
other conditions the drift of the air at very high levels is from west
to east.

The observations taken at mountain stations in Colorado show
that variations in temperature at the summit and base stations are
nearly coincident in point of time and that they are generally simi-
larly directed, but that a fall in temperature occasionally sets in
on the plains while the temperature on the mountain tops is still
rising. At other times the weather conditions on the mountain sum-
mits have been controlled by causes that are not operative on the”
plains to the eastward. These studies have increased our knowledge
of the effect of local topography in the warming and cooling of the
air that is trapped between the mountain ranges.
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SOLAR RADIATION.

Studies in solar radiation have been continued at Washington and
at Mount Weather, and were begun at Madison, Wis., during the
year. Arrangements are now being made for additional pyrhelio-
metric observations at various points in the region west of the Great
Lakes and the Mississippi River. The most striking features of the
record for the year were the high value of the radiation in February
and March on the front of marked high barometric areas and the low
value during the protracted hot wave in May. _

It is believed that the determination of the intensity of direct solar
radiation, of the quantity of heat received diffusely from the whole
sky, and of the rate at which heat is lost at night, will not only be
of value to climatologists generally, but will also be utilized by the
weather forecaster. A demand has already been made by biologists
for accurate data of this nature.

FORECASTS AND WARNINGS.

During the hurricane season of 1910, only two tropical storms of
note visited the United States. That of September, 1910, moved from
near San Juan, P. R., on the 6th to the Texas coast near the mouth
of the Rio Grande on the 14th. Warnings were issued regularly
until the storm disappeared. There was no loss of life nor was much
damage done, except on the north coast east of San Juan. The hurri-
cane of October was more severe, yet the damage was reduced to the
minimum by timely warnings.

Plans are now under consideration for the systematic extensmn of
the field of meteorological observation by means of cooperation
between the Weather Bureau and the steamship lines equipped with
wireless plying in Atlantic and southern waters, through which it is
hoped to be able to locate hurricanes and other severe storms imme-
diately following their inception.

Forecasts of the general character of the weather for a week in
advance were issued weekly during the year. These, in the main,
have proved reasonably accurate. The weekly forecast issued on
August 21, 1910, announcing that a cool wave would pass over the
country the latter part of the ensuing week, attracted special atten-
tion, and its complete verification called forth widespread and favor-
able comment. :

These comparatively long-range forecasts are based on a study of
the atmospheric conditions exhibited on the daily chart of weather
" observations for the Northern Hemisphere.

Special attention has been given to frost warnings in the spring,
principally in the cranberry marshes of Massachusetts, in the citrus-
fruit districts of Florida, and in a number of the orchard sections
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of Washington, Oregon, Idaho, Utah, Colorado, and California.
The plan of operations involves the closest cooperation possible
between the Weather Bureau and the growers, through which the
latter may be advised specifically as to the probable critical tem-
perature and be in readiness to light smudge fires or adopt other
protective measures on short notice.

By informal agreement with the Interior Department, the Weather
Bureau was designated to ascertain and publish in the Monthly
Weather Review the losses by floods in the United States. A sum-
mary of this character indicates that the losses during the year were
about $7,700,000, of which more than three-fourths fell upon the
farmers. The value of property saved through the warnings of the
Weather Bureau was estimated at $1,047,000. The great dispropor-
tion between the losses and the value of property saved is due to
the fact that three-fourths of the former were on crops that warn-
ings could not have saved.

BUREAU OF ANIMAL INDUSTRY.

The main lines of work carried on by the Bureau of Animal In-
dustry are as follows: (1) Inspection of animals, meat, and meat
food products intended for interstate movement or for export, and
of the vessels carrying export live stock; (2) inspection and quaran-
* tine of imported animals; (3) control and eradication of contagious
and infectious diseases of ammals, (4) scientific investigation of
such diseases; (5) investigations in the breeding and feeding of live
stock and poultry, (6) work relating to the dairy industry; and (7)
preparation of literature and diffusion of 1nformat10n on these
subjects.

THE MEAT INSPECTION.

The meat inspection comprises the inspection of animals before
and after slaughter, the supervision of all the processes of preparing
meats and meat food products, the enforcement of sanitation and
correct labeling, and the exclusion of harmful preservatives and
coloring matters. It is carried on at slaughtering and packing
establishments engaged in interstate or export trade.

The work continues to show an increase. Inspection was conducted
during the fiscal year at 936 establishments located in 255 cities and
towns. There were inspected at slaughter 52,976,948 animals, con-
sisting of 7,781,030 cattle, 2,219,908 calves, 29,916,363 hogs, 13,005,502
gheep, and 54,145 goats. There were condemned for disease or other
unwholesome condition 117,383 entire carcasses and 1,009,672 parts
of carcasses, making a combined total of 1,127,055 carcasses and
parts that were condemned The condemnations were as follows:
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Jattle, 39,402 carcasses, 123,969 parts; calves, 7,654 carcasses, 781
parts; hogs, 59,477 carcasses, 877,528 parts; sheep, 10,789 carcasses,
7,394 parts; goats, 61 carcasses. Tuberculosis was the cause of
nearly 47 per cent of the condemnations of adult cattle and over 96
per cent of the condemnations of hogs. The inspected animals fur-
nished fully 10,000,000,000 pounds of meat. There was condemned on
reinspection 21,073,577 pounds of meat and meat food products that
had become sour, tainted, or otherwise unfit for food since the inspec-
tion at the time of slaughter. This amount included over 3,000,000
pounds condemned at one establishment as the result of a fire.

Inspection certificates issued for exports of meat and meat food
products during the year covered 975,066,006 pounds, including
all products, fresh and preserved. This was an increase of over
150,000,000 pounds compared with 1910. Inspections for the Navy
during 1911 aggregated 11,112,060 pounds.

During the year 25,818 samples of various products were examined
in the meat inspection laboratories for the purpose of detecting pro-
hibited preservatives or coloring matter, adulterants, and unwhole-
someness of various kinds, and passing upon the purity of condi-
ments, water supplies, etc. The use of prohibited preservatives and
coloring matters at inspected establishments appears to be exceed-
ingly rare, and in the very few cases in which such preservatives were
found their presence was evidently due to ignorance or carelessness.
The most frequent violations of the regulations consisted in the use
of cereal substances in sausages without proper declaration on the
labels.

HORSE BREEDING.

Good progress is being made in the breeding of carriage horses in
Colorado in cooperation with the State Agricultural Experiment
Station. At the close of the fiscal year 1911 the stud consisted of 82
animals (84 males and 48 females). The males comprised 11 stal-
lions two years old and upwards, 11 yearlings, and 12 weanlings,
while the females included 25 aged mares, 5 four-year-olds, 3 three-
year-olds, 4 two-year-olds, and 11 yearlings and weanlings. The an-
nual culling of inferior individuals is showing its results, and the
foals show better quality each year. During the year the board of
survey condemned 8 animals, which were sold at auction.

The breeding of Morgan horses on the Government farm at Mid-
dlebury, Vt., continues with promising results. There were 65 head
in this stud at the close of the year, namely, 17 stallions, 42 mares,
and 6 geldings. Five out of a lot of 10 mares purchased last year
were bred in Vermont, and are good representatives of the old-fash-
ioned Morgan lines which have proved so valuable in mating with
General Gates, the stallion at the head of the stud. The five-year-old
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stallion Red Oak has been leased to the Massachusetts Agricultural
College for the purpose of breeding to mares which fulfill certain
prescribed conditions.

An experiment in breeding gray draft horses is in progress in
Towa, in cooperation with the Towa Experiment Station. Four out
of five foals dropped during 1911 are living. Two of these are by
a Shire stallion out of Clydesdale mares, and two by a Clydesdale
stallion out of Shire mares. All the mares are worked on the farm.

Although the desired appropriation for the encouragement of
the breeding of horses for the United States Army was not provided
by Congress, a small beginning was made in cooperation with the
War Department, the slight expense on the part of the Department
of Agriculture being paid from the appropriation for animal breed-
ing and feeding experiments. Two Thoroughbred stallions were
presented to the War Department by Mr. August Belmont, and
these have been turned over to this department for use in accord-
ance with a cooperative plan. The stallions are being stood for
public service at the remount station of the Army at Front Royal,
Va., under the direction of the Bureau of Animal Industry, and have
been bred to about 50 mares. Only approved mares are bred to
these stallions, and each mare owner agrees to give the Government
an option on the resulting foal at three years at $150. It is hoped
that Congress will provide funds for the extension of horse breeding
for the Army, as it is evident that the Government must do some-
thing to encourage the breeding of horses of the proper types if the
Army of the future is to be supplied with an adequate number of
suitable remounts.

SHEEP AND GOATS.

Satisfactory progress has been made in the breeding of range sheep
in Wyoming. The ewes gave an 80 per cent crop of lambs last
spring, and those ewes which are to continue in the experiment
sheared 13.1 pounds per head.

Southdown sheep are being bred at the Morgan horse farm in Ver-
mont, and Barbados sheep at the experiment farm of the Bureau of
Animal Industry at Beltsville, Md. Native goats are being bred at
the bureau farm for milk production, and in addition some repre-
sentatives of the Saanen breed have recently been acquired.

CATTLE BREEDING.

The breeding of milking Shorthorn cattle in cooperation with the
Minnesota Experiment Station has made satisfactory advance dur-
ing thé year, four herds having been added to the circuit. The
operations last year were mostly confined to the general improve-
ment of the herds. Better care and management have resulted in
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improved milk and butter-fat production and in better development
of the young animals.

The Holstein breeding circuit in North Dakota, in cooperation
with the State Experiment Station, has been conducted on the same
lines as heretofore. A year’s record of all the cows was completed
January 1, and the approximate cost of the production of butter fat
determined. As a result several heifers have been placed in the
Advanced Registry. There are now 107 pure-bred Holstein cattle
owned by members of this circuit.

POULTRY AND EGG INVESTIGATIONS.

Poultry breeding for egg production and for general utility pur-
poses is going on in Maine (in cooperation with the Maine Experi-
ment Station) and at the bureau’s experiment farm in Maryland.
A plan of selection is being practiced so as to secure strains which
breed true to certain definite standards of egg production.

An investigation is being conducted into the conditions surround-
ing the handling and marketing of eggs in the great productive
sections of the Middle West, especially in Kansas, with a view to
determining the causes of the heavy losses from deterioration and to
preventing such losses. This work, in which State authorities are
cooperating, is expected to bring about great improvement in the
quality of the eggs marketed, to the advartage of both producer and
consumer. Some results of this work have been published as Bul-
letin 141 of the Bureau of Animal Industry, “ The improvement of
the Farm Egg.”

ANIMAL NUTRITION.

Animal nutrition investigations in ceoperation with the Pennsyl-
vania State College have been in progress for a number of years. The
work is of a scientific character, much of it being done with the
respiration calorimeter. The determinations of the energy values of
feeding stuffs are to be continued, and it is planned to make further
respiration tests.

BEEF AND PORK PRODUCTION IN THE SOUTH.

The beef-feeding experiments in cooperation with the Alabama
Experiment Station are yielding results of much value to southern
farmers. The work so far accomplished demonstrates that cattle can
be profitably fed in Alabama in summer. Pork-feeding investiga-
tions, also in Alabama, are likewise showing profitable results. There
.is no doubt that the South affords a favorable field for increasing the
country’s meat supply, especially after the handicap of the cattle
tick has been removed.
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CERTIFYING PURE-BRED IMPORTED ANIMALS.

Since January 1, 1911, the Bureau of Animal Industry has under-
taken the duty of certifying to the pure breeding of all animals im-
ported for breeding purposes, the work being done by arrangement
with the Treasury Department and in accordance with the tariff
law. During the first six months 1,172 horses, 1,427 cattle, 12 sheep, 7
hogs, 190 dogs, and 12 cats were thus imported.

DAIRY FARMING.

Work for the development and improvement of dairying is being
carried on in the South and West, and includes improved breeding,
economical feeding, encouraging the building of barns, silos, etc., the
stimulation of interest in dairy organizations, the improvement of
city milk supplies, the operation of model dairies, the supervision of
exhibits and contests at fairs, helping farmers to improve the grade
of cream furnished to creameries, etc. The southern work is in
progress in nine States, and the western work is being conducted in .
Iowa, North Dakota, Colorado, and Idaho. The reduction of the
range and the increased price of land have a considerable effect on
dairying in this latter region, and helpful work is bemg done in
demonstrating new and economical methods.

Dairy farmers are encouraged to keep records showing the amount
of feed consumed and milk and butter fat produced by each cow,
so that unprofitable animals can be weeded out and the herd built up
with good producers. The utility of keeping such records was
illustrated in several instances during the year. In one herd the work
resulted in the sale of 25 unprofitable cows and in another the cost
of feeding was reduced from $6.05 to $4.63 per cow per month,

There are at present 81 cow-testing associations in the United
States, comprising owners of about 40,000 cows. The department
was instrumental in organizing the greater number of these, and often
lends assistance when difficulties arise.

The demand for plans for the construction of dairy buildings con-
tinues heavy, and during the year blue prints were sent out for 636
buildings.

MARKET MILK INVESTIGATIONS.

The bureau has continued its work for the improvement of market
milk. This consists chiefly in introducing and maintaining the
score-card system of dairy inspection, in assisting at competitive ex-
hibitions of milk and cream, and in investigating the conditions
surrounding the milk supply in various places. This work is carried
on largely in cooperation with city health departments, and was con-
ducted during the fiscal year in 51 cities in 27 States. The extension
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of the score-card system of inspection is producing good results.
During the year 620 inspections were made in 24 States, these inspec-
tions always being made in company with the local health officer or
one of his assistants. Nine competitive milk and cream contests were
participated in by the bureau. The milk supply of several of the
Government departments is being supervised, and a special investi-
gation of the milk supply in the vicinity of Boston, Mass., has been
under way for several months.

DAIRY MANUFACTURES.

Assistance has been rendered to creameries as heretofore by fur-
nishing information and advice regarding creamery operations.
Periodical reports are received from about 1,300 creameries in various
parts of the country, and these enable the bureau to point out defects
in operation, so that losses may be overcome, the quality of the product
improved, by-products utilized economically, and waste avoided.
Field men are located in Wisconsin, Minnesota, Iowa, California,
and Texas, and personal attention is given to such cases as seem to
require it. During the year 74 creameries were visited by these men.

The market inspection of butter indicates that a large quantity of
low-grade butter is still being manufactured. Of 2,161 shipments
inspected from creameries in Minnesota, Wisconsin, and Iowa, only
277, or 13 per cent, graded “extra.” The department endeavors to
point out how improvement can be effected.

The department also aids in the organization of new creameries by
furnishing articles of agreement, lists of machinery, etc., but care is
exercised to give this assistance only in those localities where cream-
eries are likely to succeed.

An investigation into the most practicable method of harvesting
and storing natural ice was undertaken because a large number of
dairymen who might avail themselves of such ice at little cost at
present do not use any at all. The lack of ice is responsible for a
large amount of bad cream received at creameries, as well as for
much of the inferior milk delivered in cities.

' The manufacture of renovated butter was supervised during the
year, in accordance with law, at 38 factories in 13 States. The total
quantity produced was 41,115,058 pounds, of which 118,990 pounds
was exported. '

DAIRY RESEARCH LABORATORIES.

The dairy research laboratories were engaged during the year
upon various technical problems connected with milk, butter, and
cheese. Work on milk and butter is carried on at the central labora-
tory in Washington and the field laboratory at Troy, Pa. Chemi-
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cal and bacteriological work on the Swiss type of cheese is done at
Washington, the cheese being made at the Pennsylvania State Col-
lege in cooperation with that institution. Experiments in the manu-
facture of the Cheddar type of cheese are carried on at Madison,
Wis., in cooperation with the Agricultural Experiment Station of
the University of Wisconsin. Work on the Roquefort type of cheese
is conducted at Storrs, Conn., in cooperation with the Storrs Agri-
cultural Experiment Station. Investigations on milk secretion are
carried on at Columbia, Mo., in cooperation with the experiment sta-
tion of the University of Missouri.

The work with milk during the year consisted mostly of a study
of the bacteria of pasteurized and raw milk. In addition about 150
analyses of goat’s milk were made, and the use of buttermilk and
whey as by-products received attention.

Investigations were carried on pertaining to changes in storage
butter, and experiments were made with a view to producing dried
cultures for use in butter and cheese making. The results of the
Roquefort cheese investigations for assisting the manufacture in this
country of that well-known European variety of soft cheese will soon
be ready for publication.

Some important results have been secured in the milk-secretion
experiments, wherein certain cows were fed rations varying from
below maintenance to fattening. These results will be published in
due course. Work has also been done concerning the effect on the
milk when cows are fed with cottonseed products.

THE STUDY AND CONTROL OF ANIMAL DISEASES.

Some of the animal diseases which have been the subject of investi-
gation and eradication during the fiscal year are Texas fever, tuber-
culosis, glanders, hog cholera, rabies, dourine of horses, scabies in
sheep, cattle, and horses, lip-and-leg ulceration of sheep, ringworm of
sheep, roundworms and tapeworms of sheep, gid in sheep, necro-
bacillosis of various animals, chronic bacterial dysentery of cattle,
swamp fever of horses, and poultry diseases. A few facts concerning
the more important of these will be mentioned.

TEXAS FEVER AND TICK ERADICATION.

- The eradication of the ticks which transmit the contagion of Texas
fever of cattle and which inhabit the southern part of the country
is proceeding vigorously in cooperation with State and local author-
ities. During the fiscal year the territory released from quarantine
as a result of this work aggregated 10,965 square miles. Since the
beginning of systematic work in exterminating these ticks five years
ago there have been cleared of ticks and released from quarantine
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139,821 square miles. This is about one-fifth of the original infested
area.

Dipping experiments have been continued with a view to finding
the most effective and economical means of ridding cattle and pas-
tures of the ticks. Recent work shows that arsenic yields better
results than the crude petroleum formerly used as a dip. Arsenical
dips are therefore now being principally used.

During the year 4,016,048 inspections of southern cattle were made
by employees of the Bureau of Animal Industry in connection with
the work of tick eradication. The number of cattle permitted unre-
stricted movement under certificate was 103,338, and of these 45,613
were dipped or otherwise treated.

The movement of cattle from the quarantined area is carefully
regulated so that the disease can not be transmitted to animals out-
side the area. There were shipped from the quarantined area to
northern markets during the quarantine season of 1910, under the
supervision and in accordance with the regulations of the depart-
-ment, 1,065,119 cattle. :

SCABIES OF SHEEP AND CATTLE.

In the work for the eradication of the parasitic diseases known as
scabies in sheep and cattle, employees of the Bureau of Animal In-
dustry made 56,584,129 inspections of sheep and 18,593,251 inspec-
tions of cattle, and supervised 12,715,631 dippings of sheep and
1,234,123 dippings of cattle. There were released from the quaran-
tine for scabies of sheep 22,560 square miles in Oregon, and from the
quarantine for scabies of cattle 14,810 square miles in South Dakota,
Nebraska, and Kansas.

TUBERCULOSIS.

Tuberculosis has been for many years a subject of investigation
by the Bureau of Animal Industry. During the year the problem of
protecting animals from the disease by vaccination has been studied
at the Bureau Experiment Station. Some favorable results have
been obtained, but, as the only methods found effective require the
use of living tubercle bacilli, such methods are not considered prac-
ticable for general use because of the danger of spreading the disease.

Some important results were obtained during the year in the patho-
logical laboratory through a study of material from hogs fed upon
garbage from the kitchen of an institution where tuberculous insane
were kept. Both the human and bovine types of tubercle bacilli were
obtained from these hogs. Further tests were also made in the labo-
ratory with the ophthalmic and intradermal methods of applying the
tuberculin test for the diagnosis of the disease.
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The work of eradicating bovine tuberculosis in the District of Co-
lumbia as reported last year has been followed by the systematic
retesting of cattle with tuberculin to guard against the reappearance
or reintroduction of the disease. The testing of dairy herds in Mary-
land and Virginia which supply milk to the city of Washington
has also been continued. During the fiscal year the tuberculin test
was applied to 4,327 cattle in Virginia, 1,847 in Maryland, and 1,967
in the District of Columbia. The percentage of diseased cattle among
those not previously tested was 16.06, while in the retests it was only
3.95. . Seventy-three reacting animals in the District of Columbia
were slaughtered, and in all but one case the lesions of tuberculosis
were found on post-mortem examination, thus verifying the result
of the tuberculin test.

INSPECTION OF LIVE STOCK FOR INTERSTATE MOVEMENT.

In addition to work already reported, the bureau inspects live stock
for interstate movement for purposes other than immediate slaughter,
and tests cattle with tuberculin and horses and mules with mallein,
when such measures are required by the laws of the State or Ter-
ritory to which the animals are destined. In this work 52,230 cattle
were inspected during the year, of which 18,778 were tested with
tuberculin. Similarly 34,789 horses and mules were inspected and
5,789 tested with mallein.

DOURINE OF HORSES.

An outbreak of a disease of horses in Iowa, suspected of being -
dourine, was reported in May, and a prompt investigation was made,
as a result of which the scientists of the Bureau of Animal Industry
were able by prolonged search with the microscope to find in the
blood the causative organism of the disease. This was the first time
that the organism had been demonstrated in a natural infection in
the United States, although the disease had existed in this country
for some years and had been stamped out about five years ago. The
manner in which the present outbreak was introduced was not posi-
tively determined, although indications pointed strongly to its hav-
ing been brought in by an imported stallion. Strict quarantine
measures were at once enforced, with the cooperation of the Towa
State authorities, and the disease is now believed to be practically
eradicated. "

HOG CHOLERA.

The practical value of the serum for the prevention of hog cholera,
produced after long experimentation by the Bureau of Animal
Industry, is now generally recognized. At the suggestion of the
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department, the large hog-raising States have taken up the manu-
facture and distribution of the serum, and upward of 200,000 inocpla-
tions have already been made by State officials in 21 different States.
The results of this work have been extremely favorable.

At the request of Nehraska State officials and the Nebraska Swine
Breeders’ Association the bureau carried out a demonstration with
the preventive serum at South Omaha during the year, similar to a
previous test held at Kansas City. Thirty young hogs were used, of
which 4 were inoculated with blood from hogs sick of hog cholera,
18 were given one dose of the serum, and the remaining 8 were left
untreated. All the hogs were then placed together in one pen, the
experiment extending from July 23 to September 17. The result was
that the 4 inoculated hogs as well as the 8 untreated hogs died of
hog cholera, while the 18 hogs that had been given the serum all
remained perfectly well.

RABIES.

During the fiscal year the brain tissues from 173 suspected cases of
rabies were examined in the pathological laboratory at Washington,
including 152 dogs, 8 cattle, 2 hogs, 1 horse, and 1 goat. The great
majority of these cases came from the District of Columbia and the
surrounding country. . One hundred and thirty proved to be positive,
the method of diagnosis being the detection of Negri bodies, sup-
plemented in some instances by the inoculation of rabbits.

EXPORT AND IMPORT ANIMALS.

During the fiscal year there were made 370,369 inspections of
American and 32470 inspections of Canadian animals for export.
The number of animals actually exported was 171,006; the greater
number of inspections is accounted for by the fact that many of the
animals were inspected two or more times. This work also includes
the supervision of vessels, of which 438 inspections were made.

All live stock for export to Canada are inspected by bureau veteri-
narians, and cattle, horses, and mules must in addition be tested—
the cattle with tuberculin and the horses and mules with mallein.
During the year 13,404 horses, 1,046 mules, and 460 cattle were thus
tested, the reactions numbering 251 horses, 12 mules, and 16 cattle.
The other inspections for Canada were 28,428 sheep, 25 goats, and
110 swine.

A strict inspection, with quarantine in certain cases, is maintained
over all animals imported from foreign countries. This is neces-
sary in order to exclude the numerous animal diseases which are
prevalent in other parts of the world. For this purpose hay, hides,
wool, etc., are also inspected and disinfection required. The total
number of import animals inspected during the year was 261,478,
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and of these 4,127 were quarantined in accordance with the regu-
lations.
DISTRIBUTION OF VACCINE, ETC.

Over 1,000,000 doses of blackleg vaccine were prepared and sent
out during the year by the Bureau of Animal Industry. The neces-
sity for immunization against this virulent disease of young cattle
is being more thoroughly appreciated by cattle raisers, and the de-
partment vaccine is the means of preventing heavy losses.

Tuberculin and mallein are furnished to State, county, and muniei-
pal officials for the diagnosis of tuberculosis and glanders, respec-
tively. During the past year 422,043 doses of tuberculin and 91,642
doses of mallein were sent out. _

The department does not distribute the preventive serum for hog
cholera, this work having been taken up by State laboratories, as
already mentioned.

NEEDED LEGISLATION RELATING TO ANIMAL INDUSTRY.

Further legislation by Congress is urgently needed in order to
enable the department to deal more effectively with matters relating
to the live-stock industry.

It is especially desirable that the Secretary of Agriculture should
have power to control and supervise the manufacture and importa-
tion of vaccines, serums, and like substances used for treatment of
animals, so as to insure their purity and potency. Such prepara-
tions, when contaminated, have in the past been responsible for the
introduction of contagious diseases into the country. The great cost
of eradicating these outbreaks should alone be a sufficient reason for
granting the authority required.

Further legislation is also needed for the regulation of live stock
in interstate transportation, so as to prevent more effectively the
spread of contagious disease and to secure more humane treatment of
the animals in transit.

These matters are discussed more fully and specifically in my re-
port for 1910 and in the report of the Chief of the Bureau of Animal
Industry for the fiscal year 1911.

BUREAU OF PLANT INDUSTRY.

There are over 6,300,000 farms in the United States, and the de-
mand for help from these farms is growing greater each year. The
Bureau of Plant Industry is endeavoring to meet some of these
demands, and its activities now extend into many fields, covering
research, experiments, and demonstrations. The primary function
of the bureau is to develop and encourage constructive agriculture
by assisting the farmer to increase the output per acre and at the
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same time to build up and maintain the fertility of the land. The
manner in which this is being done and some of the more important
results accomplished during the year are set forth under the fol-
lowing heads:

FOREST PATHOLOGY.

The continued spread of the chestnut-bark disease, particularly
southward and westward, has caused great public alarm. The
method of destroying advance infections devised by this department
and described in previous publications has been energetically applied
in Pennsylvania, and recently also in New York. There is every
reason to believe that the disease in these two States can be limited
to the eastern counties. The State appropriation for this work in
Pennsylvania is $275,000. In the New England States it will prob-
ably still be possible to keep the disease to the west of the Connecticut
River; but this is essentially a local issue, with little bearing on the
welfare of other States. What is done in western Maryland, in Vir-
ginia, and in West Virginia, however, is a matter of national impor-
tance, for the fate of the chestnut in the southern Appalachians,
where the finest and most extensive stands of chestnut timber occur,
depends upon the checking of the bark disease in these States during
the next three years. This department can cooperate to any extent
in the study of all phases of the disease and in the location of ad-
vance infections, but the actual destruction of diseased trees must,
for legal reasons, be exclusively a State function. It is therefore to
be hoped that these critical States will be able promptly to follow
the vigorous example of Pennsylvania. No other tree disease of
equal seriousness is known to science, and unless prompt, united, and
effective action can be taken there is every reason to believe that the
chestnut tree will be practically extinct in certain sections of North
America within 10 years.

On account of their important relation to reforestatlon, damping-
off and other diseases of forest-tree seedlings have received special
attention. The results of the past season’s work have confirmed the
previous report of absolute success in controlling the serious “ blight ”
of coniferous seedlings by slight and perfectly practicable changes in
the management of water supply and shade. For two seasons past
the use of sulphuric acid in preventing the damping-off of coniferous
seedlings in the Forest Service nursery at Halsey, Nebr., has been
successful. If these results are confirmed by work in other localities
and other years, damping-off, so far as coniferous seedlings are con-
cerned, will cease to be an uncontrollable factor in reforestation.
The use of sulphuric acid as a soil fungicide originated in this de-
partment, as reported in previous publications.

It is unfortunate that at this time, when interest in reforestation
is at its height, we should knowingly import a destructive European
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nursery disease. Yet this appears to be the case. The white-pine
blister rust, referred to in previous reports, is unquestionably still
being imported. All importations that could be located have been
inspected and all visibly diseased trees destroyed, but there are no
means of locating all importations. The importation of white-pine
seedlings should be flatly prohibited, as the damage which this dis-
ease can do, and probably will do, if once established in America, is
out of all proportion to the value of all white-pine seedlings ever
imported or ever likely to be.

Data collected in the forest-disease survey have indicated that in
America timber decay and tree disease are second only to forest fires
as causes of loss. In theory it is easy to remove diseased trees in
the forest when cuttings are made, leaving only healthy individuals
for seed trees, and so continually improve the health of the forest;
but in practice so many questions of economy and differing local
conditions are involved that many difficulties must be overcome.
The Bureau of Plant Industry has given a great deal of attention
to working out this problem, in active cooperation with the Forest
Service. To this end, pathologists have been stationed in four of
the six National Forest Districts. In District 5 great progress hasbeen
made in so conducting timber sales that all dangerously diseased
trees are removed and only healthy and desirable individuals are
left to propagate the future forest. Probably the most important
function of these “ district pathologists” is to look out for dangerous
new diseases. There is every reason to believe that if the chestnut-
bark disease, for example, had started in a National Forest District
having a pathologist it would have been eradicated as a matter of
routine before infection became general. Great epidemics of this
kind are as serious in their effects as forest fires, and there is no
reason why as strenuous efforts should not be made to control them.

CROWN-GALL AND OTHER PLANT DISEASES.

An important line of work carried on during the past year has
been a continuation of the study of crown-gall of plants, with special
reference to its relation to malignant animal tumors. The new facts
we have learned are, in brief: (1) That bacteria occur also in the
secondary tumors; (2) that in most cases the secondary tumors are
connected with the primary tumor by a deep-seated strand of tumor
tissue, from which the original bacterium has been cultivated out;
(3) that the cell structure of the secondary tumor is like that of the
primary tumor, e. g., when the primary tumor occurs on the stem
and secondary tumors subsequently appear in the leaves the struc-
ture of the leaf tumors is that of the stem. A bulletin is in prepara-
tion which will fully illustrate these new features. '
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The work in the bud-rot of the coconut palm has been completed,
the very interesting discovery having been made that the organism
associated with typhoid fever and not hitherto known to be a plant
parasite is the cause of the bud-rot disease. A bulletin on the sub-
ject is now in press.

DISEASES OF FRUITS.

A feature of the fruit-disease problems of the year has been the
prevalence of physiological diseases, particularly of the apple. In
the Eastern States physiological troubles have occurred in the form
of corky spots in the flesh of apples, accompanied by more or less
distortion in the shape of the fruit. The York Imperial, the Ben
Davis, and other commercial varieties have been affected so seriously
as to injure the sale of fruit from orchards. These troubles are
attributed mainly to the abnormal climatic conditions of the 1911
season.

A group of diseases, such as rosette and chlorosis, has developed
in eastern orchards so as to attract attention, and they have increased
greatly in the Western States. The extreme climatic conditions of
the season have resulted in more injury by the new combination
sprays of lime-sulphur and lead arsenate, but nevertheless these
sprays are proving to be the most universally satisfactory remedies
that have ever been devised.

Very satisfactory results have come from the researches on apple
mildew and its treatment. Experiments on this disease in the Wat-
sonville district of California, in cooperation with the local authori-
ties, have developed a satisfactory method of control by spraying.

The cedar rust, or orange rust, of the apple, which was so com-
mon in the Appalachian fruit belt last season, was very much less
abundant during 1911. Most of this was the result of climatic con-
ditions, though the application of control measures, such as cutting
down the cedars and spraying, helped to reduce the disease.

Spraying experiments on the pecan scab were continued for the
third season, and Bordeaux mixture was demonstrated to be a
specific for pecan scab in Georgia. The pecan rust on nursery stock
was studied and complete success obtained in controlling it by
spraying.

Peach spraying work for the control of peach scab and brown
rot was conducted in West Virginia, Delaware, and Michigan. A
portion of the work was experimental, for the purpose of testing
new fungicides and perfecting the self-boiled lime-sulphur treat-
ment, but most of the work was in the nature of demonstrations.
The results were very striking, and showed conclusively that where
one or both of these diseases are prevalent the net profits from a
peach crop may be doubled, or in some cases quadrupled, by spray-
ing at the proper time.
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Apple spraying experiments and demonstrations were conducted
in several widely separated districts, and it was again shown that
lime-sulphur properly diluted is a more satisfactory fungicide for
certain apple diseases than Bordeaux mixture. However, owing to
the severe weather conditions of the season, the combination of lime-
sulphur and arsenate of lead caused considerable burning of the
fruit in a few orchards, but this trouble was not so serious as to
discourage the use of this spray.

The grape anthracnose is very destructive to both fruit and vine.
Certain varieties in some localities are attacked every year by this
disease. The department has demonstrated the past season that this
malady can be satisfactorily controlled by proper spraying of the
vines while in a dormant condition. Further confirmation of pre-
vious results in the control of black-rot of the grape has also beén
obtained. Very promising results have been secured in controlling
the anthracnose of the cranberry, which has been found to be a preva-
lent cause of loss in some cranberry districts. Considerable progress
has also been made in the study and control of other small-fruit
diseases.

DISEASES OF COTTON AND TRUCK CROPS.

Diseases of the potato have assumed unusual prominence through-
out the country during the past season. Physiological disturbances
have combined with several parasitic diseases in bringing about a
general reduction of the crop. Blackleg and both the early and late
blights have been sufficiently severe to emphasize the importance of
a more general adoption of preventive treatment by growers, but by
far the most serious damage has been caused by potato wilt, a disease
which usually assumes an inconspicuous form, causing premature
ripening followed by dry-rot in storage. The unusually dry season,
which retarded the early growth of the plants, was very favorable
for the development of wilt. The resulting epidemic has served to
emphasize the wide distribution of this disease and has given it a new
importance. Studies are under way which should lead to a more
thorough knowledge of the causes and the means of control.

Investigations on the diseases of sweet potatoes have been inaugu-
rated and substantial progress made. The causes of the more im-
portant troubles are now known, some of them for the first time,
and means of control are being studied with encouraging results.

The disease-resistant varieties of cotton, cowpea, and watermelon
which the department has developed are being brought into more
general trial by thoroughly organized cooperative arrangements with
growers in the infested sections. This organization is being extended
as rapidly as the nature of the problem and the facilities of the
department will permit.
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Cooperative demonstration work on the control of truck-crop
diseases by proper spraying methods is a new form of work inaugu-
rated to bring the latest results along these lines to the attention of
growers. An important feature of this work is the development of
special machinery and technique to meet the demands of the varying
conditions of culture and climate in different sections.

PATHOLOGICAL INSPECTION WORK.

The necessity of pathological inspection of all foreign importa-
tions has long been recognized, and in the early years the mycologist
was called upon at irregular intervals, i. e., whenever importations
were received by the department, to make examinations. As the
Office of Foreign Seed and Plant Introduction developed and ex-
tended its geographical range, inspection of the department’s plant
imports has been definitely systematized by means of regular exami-
nations, and printed health certificates or written reports for treat-
ment or quarantine are furnished as occasion requires. The same
methods are followed in connection with the congressional seed dis-
tribution, crop physiology and breeding investigations, and the Office
of Gardens and Grounds. Card indexes are maintained for a com-
plete file of observations and results. Advance information is fur-
nished agricultural explorers, that they may be aware of diseases
indigenous to certain countries or geographically restricted, thus
enabling them to avoid unnecessary expense in making collections
which would have to be condemned at Washington.

NEED FOR TRAINED PLANT PATHOLOGISTS.

The growing need for trained plant pathologists to take up numer-
ous problems which are now being presented to this department for
solution is extremely urgent. While the universities and colleges
appear to be doing what they can, it happens usually in our work that
men fresh from college do not have the requisite outlook or the
necessary training to obtain practical results in this field. Usually
we have to give them several years of additional training in order to
make them most serviceable to the advancement of agriculture in
these lines. Every year requests come to us from the experiment
stations and similar institutions in the United States to name persons
well qualified for appointment to positions involving plant patholog-
ical research in these various institutions, and, unfortunately, in a
very considerable number of cases we have to say that, glad as we
would be to recommend persons, there are none in sight with the nec-
essary training. This lack of a sufficient number of trained patholo-
gists works to the serious disadvantage of agriculture in this country.
The department would be glad to have in training an additional num-
ber of young men for such positions.
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COTTON IMPROVEMENT ON A COMMUNITY BASIS.

To secure the full advantage from improved varieties of cotton it
is essential that each locality growing the improved variety produce
a sufficient quantity to warrant its reaching the manufacturers un-
mixed with other varieties. In a community that planted only one
kind of cotton, the crossing of varieties in adjacent fields and the
mixing of seed in gins would be avoided, selection could be made
much more effective, and the production of a larger quantity of uni-
form fiber would secure higher prices. In view of these and other
obvious advantages, special attention has been given to establishing
improved varieties and methods of selection in communities organ-
ized for the production of a single type of cotton.

LONG-STAPLE COTTON IN THE ATLANTIC STATES.

The advance of the boll weevil has reduced the production of long-
staple Upland cotton in Mississippi and Louisiana, resulting in an
acute commercial demand for this type of fiber. The action of State
quarantine laws against the importation of cotton from sections in-
fested with the cotton boll weevil and the high prices realized by
eastern growers of the Columbia variety originated by this depart-
ment have stimulated interest in this variety to the extent that all
the available supplies of good seed were long ago exhausted. Spe-
cial efforts are being made to preserve the uniformity of this variety
by growing new supplies of seed under conditions of isolation from
other cotton and by more effective cooperation in the work of
selection.

SUGAR-BEET INVESTIGATIONS.

The sugar beet has established itself as éne of the most important
agricultural crops over a large section of the country, but in the
transplanting of this European industry to the virgin soil of Amer-
ica many new problems have arisen. A system of well-equipped
field laboratories in the beet-growing regions, where studies in path-
ology, breeding, and agronomy can be carried out in close contact
with the fields, is essential to a speedy and successful solution of the
various problems presented. Two such additional laboratories have
been established during the past year, and others are contemplated
for the near future.

Leaf-spot and curly-top, two important diseases of sugar beets,
have received special attention, and work upon damping-off and
root-rot has been inaugurated.

The breeding of special strains of beets for American conditions is
an important line of work which should yield valuable results. It



58 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

has already been shown that American-grown seed yields beets which
are superior to those grown from European seed. Moreover, the
seed produced by Europe is insufficient to meet the increased demands
of both the European and the American markets. Indeed, Old
World dealers have recently turned to America in an attempt to pur-
chase large quantities of American-grown sugar-beet seed for sale in
Europe. It appearsthat America must produce her own beet seed be-
fore the beet-sugar industry can become properly established here.
It is only natural that in the face of the present shortage the best of
the European seed should be retained for use there, so that the Amer-
ican sugar-beet growers are not only sending many hundreds of
thousands of dollars annually to Europe for seed which should be
produced at home, but they run grave risks of securing only inferior
seed which will materially reduce the profits of beet growing.

A number of problems in beet culture and questions of irrigation
and rotation are also pressing for solution. Work along these lines
has been inaugurated and is being pushed with all possible dispatch.
In order to profit as fully as possible by the knowledge gained by -
Europeans in their long experience with this crop, a representative
of the departmént has been sent to visit the beet fields and experi-
ment stations of Germany, France, and Russia, with a view to
the adapting of their practices to American conditions.

SOIL-BACTERIOLOGY AND WATER-PURIFICATION INVESTIGATIONS.

The results reported by cooperators using cultures of the nodule-
forming bacteria for inoculating legumes indicate the continuation
of a high percentage of successful inoculation. The description of
convenient methods for distinguishing between the infection of
crown-gall upon the roots of legumes and the development of the
nitrogen-fixing nodules offers some opportunity for controlling the
dissemination of crown-gall when the inoculation of legumes is at-
tempted by the use of soil from old fields.

In the investigations in general soil bacteriology the study of cellu-
lose destruction has for the present become of the greatest im-
portance. Many new species of cellulose-dissolving bacteria and other
fungi have been isolated, and it is believed that these are closely
correlated with the development of nitrifying and nitrogen-fixing
bacteria and therefore with the maintenance of soil fertility.

Through correspondence, various improvements have been sug-
gested in water supplies and especially in the case of pollutions from
odor-producing alge. The most desirable treatment for the eradica-
tion of these organisms has been determined by the examination of
samples shipped to the laboratory from the polluted supplies.
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WORK ON DRUG PLANTS.

During the year the camphor work has progressed as rapidly as
the nature of the problem would permit. Since the trees must make
a growth of several years before the product can be utilized, the
present task has consisted chiefly in growing trees for planting the
experimental area and in setting out the stock already developed.
Owing to the severe frost of the winter striking the newly trans-
planted stock at a critical time, considerable losses were experienced.
This rather unusual result has led to a change in the handling of the
young stock which it is believed will largely decrease the danger
from this source. Laboratory and factory work has been continued
with marked improvement in the experimental products.

The hop work has been directed toward the same objects as here-
tofore, and the results of statistical study of representative hop areas
have corroborated the correctness of conclusions previously drawn.
It seems clear that under current practice too few vines are trained
to secure the maximum yield. Experimental work on different
methods of pruning and fertilizing promises to develop important
results also. The breeding work has gone far enough to show that
among the large number of hybrid seedlings grown a number of new
types have appeared which give great promise. A laboratory study
- of certain important hop constituents has shown that varietal or
geographical characteristics can be detected which should simplify
somewhat the problem of judging hop values. Further work along
this line must be fruitful of most valuable results.

POISONOUS-PLANT STUDIES,

The field work of the year has covered two chief lines of activity:
(1) Feeding work carried on with suspected plants at the field
camp near Baldwin, Colo., and (2) visits to the national forests in
which considerable losses due to poisonous plants were suspected.
Feeding work has been continued with the species of Delphinium
(larkspur) available in the vicinity of the feeding station, with
species of Lupinus (wild lupine), species of Cicuta (water hemlock),
and others. Several serious sources of trouble were demonstrated
and means of greatly reducing the losses were worked out for the
larkspurs. It is hoped this result may be of much value to the stock
interests, since losses due to larkspur poisoning are very great and
are experienced on practically all the cattle ranges in the western
mountains.

Reconnoissance work on several of the national forests reporting
the severest losses has been done, and in cases of plant poisoning it
has usually been possible to indicate the source of trouble and often
to suggest helpful measures.



60 YEARBOOK OF THE DEPARTMENT OF AGRICULTUBE.

On account of the urgency of the demand from stock regions of
the West, this work up to the present time has been largely confined
to that section of the country, but it is hoped to investigate in the
early future a number of similar problems occurring in the East.

Laboratory work on the nature of the active principles present in
poisonous plants and poisonous-plant products has been carried on
chiefly at Washington.

The question of spoiled corn and its relation to pellagra has been
under investigation, the agricultural side of the problem only being
considered. Toxic substances have been isolated from cultures of
organisms occurring on spoiled corn and some new constituents have
been isolated.

PLANT PHYSIOLOGICAL INVESTIGATIONS.

During the year the problem of the storage of sweet potatoes has
‘been actively investigated. The difficulty of keeping sweet pota-
toes has suggested a study of the physiological behavior of this prod-
uct under different storage conditions in the hope of finding the
cause of the weakness and of working out a convenient method of
handling them for long-time storage.

A physiological study of certain pathological conditions arising
in cabbage and spinach in prominent eastern trucking regions has
been undertaken. The investigation has shown derangement in cer-
tain enzyme relations, and a method for accurately investigating
these has been worked out. The curly-top of sugar beets has also been
under study. ‘

The physiological requirements of plants have been much inves-
tigated in the past, but certain new considerations have come to
attention during late years, which have seemed to demand investi-
gation of certain of these problems viewed from the new standpoints.
Such a study has been undertaken with very suggestive results.

The chemical variability of certain important drug plants has been
under investigation in the hope that uniform active products might
be developed. A good basis for further work has been obtained, and
the outlook for success seems good.

ALKALI AND DROUGHT-RESISTANT PLANT-BREEDING INVESTIGATIONS.

Investigations during the year have been in large measure di-
rected toward ascertaining why some varieties of crop plants endure
drought better than others, since it is evident that the best results
in variety testing and breeding for drought resistance can only be
attained when this problem is solved. It is practically certain that
“root pull” is not an important factor, for extensive experiments
have led to the conclusion that there is very little difference in the
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ability of the roots of plants from arid regions, as compared with
those from humid regions, to extract water from a nearly dry soil.
Economical use of the moisture available, as evidenced by the pro-
duction of a maximum crop with a minimum loss of water in trans-
piration, is believed to afford the best criterion of superior drought
resistance. An immediately applicable result of these physiological
investigations is the working out of a method for testing in the field
the comparative drought resistance of different species and varieties,
which it is believed can be successfully used, even in wet years, thus
greatly accelerating the progress of variety-testing and plant-breed-
ing work.

As regards the indicator value of natural vegetation, the results
of preliminary studies in the Intermountain or Great Basin region
support the conclusion previously reached in the Great Plains area
that the native growth is the safest guide to follow in selecting new
land for agricultural purposes. Certain types of vegetation are
found to characterize land that is suitable for “ dry farming.” Other
types are a pretty certain indication that the water relations of the
soil are unfavorable or that there is a dangerous quantity of alkali
salts, even though the appearance of the surface soil may not indi-
cate the presence of alkali.

Several bales of lint of the new Yuma variety of acclimatized
Egyptian cotton grown in Arizona in 1909 and 1910 were purchased
by one of the largest American firms which use this type of cotton
at a considerable premium above the price obtaining at Boston on
the date of sale for high-grade imported Egyptian cotton. The
results obtained in spinning this cotton were highly satisfactory to
the purchaser. This additional assurance of the good quality of the
fiber, together with the satisfactory yields obtained at several dif-
ferent localities in the Southwest, justifies the conclusion that this
Yuma variety is well adapted to the commercial production of cotton
of the Egyptian type.

: DATE CULTURE.

As the date trees of imported varieties now on trial gain in
maturity, their true characteristics and adaptation to particular con-
ditions become more apparent. The present year’s results at Mecca
and Indio have brought into prominence a few varieties favorably
noticed for several years, but now definitely to be recommended for
trial on a commercial scale.

‘With the fruiting of young trees grown from seed distributed to
department collaborators a number of new varieties of decided merit
are appearing, and certain imported sorts are showing an unusual
proportion of meritorious seedlings. We now have also for the first
time the opportunity of using pollen from male trees of known
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parentage, and date breeding along definite lines began with last
spring’s pollinations. Artificial ripening by a very inexpensive
method has been carried to a perfection not heretofore attained, and
the limited output of the Deglet Noor variety so handled commanded
fancy prices.

The results secured by the department in date culture have stimu-
lated considerable activity in date planting and the development of
the industry bids fair to advance about as rapidly as the slow propa-
gation by offshoots will permit.

CONDITIONS AFFECTING CROPS IN ARID REGIONS.

Serious misconceptions have developed regarding the possibilities
of crop production in semiarid regions, owing to the lack of definite
information regarding the prevailing conditions in such regions.
The large yield reported from time to time in the daily press is that
of the exceptional crop grown as the result of an unusually heavy
rainfall or under such peculiar local conditions that it receives more
than the normal water supply of the region. For this reason the
department is making measurements at each of its semiarid experi-
mental farms to determine as nearly as possible the exact conditions
of temperature, rainfall, and evaporation under which each crop is
produced. In addition, systematic measurements are made of the

- moisture content of the soil under different methods of cultivation
and crop rotation, to determine what methods are most efficient in
getting the rainfall into the soil and making it available for the
growing crop. In this way we are able to determine the conditions
under which each crop is produced and the effect of those conditions
upon the yield. These measurements will be continued until suffi-
cient information is obtained regarding conditions in each section
where dry farming is being attempted. A preliminary report cov-
ering the results of the first four years’ observations is now in
preparation.

TOBACCO INVESTIGATIONS.

Experiments and demonstrations in improved methods of tobacco
production have been carried out at local field stations in most of the
leading tobacco-growing sections, and laboratory studies on the rela-
tion of the composition to the quality of the leaf have been continued.

The method which has been devised for applying artificial heat in
curing cigar tobaccos has been used stuccessfully during the past sea-
son by several growers in the Connecticut Valley. This system not
only does away with all injury from pole sweat, but insures better
and most uniform curing. Experiments with an improved system of
ventilation for barns in the flue-curing districts have also given
promising results.
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In the export and manufacturing districts special attention has been
given to the problem of securing an adequate supply of humus in the
tobacco soils, which undoubtedly constitutes the key to improving the
yield as well as the quality of the crop in nearly all these districts.
This problem is of the greatest importance to the grower because of
the fact that most legumes are likely to exert an injurious effect on
the quality of the tobacco when preceding this crop in rotation.

An important feature of the tobacco work of the year has been a
careful study of the effects of environment on the habits of growth of
the plant and on the quality of the cured product, the principal ob-
ject of this work being to afford a proper guide to the development
of improved varieties by systematic breeding. The extensive studies
relating to the plant-food requirements of the tobacco crop which
bave now been in progress for several years have been continued along
the same lines.

INVESTIGATIONS IN POMOLOGY.

The work of identifying fruits has increased to a very large extent
during the year, identifications being made of fruits from every sec-
tion of the country. ‘

A revision of the catalogue of the American Pomological Society
is now under way. The value of this catalogue to the fruit interests
of the country can hardly be overrated, since it has for years been
the standard conservative authority upon the value of varieties for
the whole country. The forthcoming revision will make the cata-
logue more comprehensive and exhaustive than ever.

Investigations looking to the simplification of fruit nomenclature
have been pushed vigorously, resulting in the accumulation of sev-
eral thousand card references to the history, origin, distribution,
synonymy, description, classification, etc., of the cultivated fruits of
.the country.

The collection of fruit varieties at the Arlington Farm has been
materially increased during the year. The collection is furnishing
admirable opportunities for obtaining information at first hand con-
cerning the relative merit of varieties.

Special attention has been devoted to the Persian walnut. Effort
is now being made to introduce foreign varieties, to the end that a
thorough test may be made of those that give promise of meeting the
demands for an extension of the area of cultivation.

FRUIT-MARKETING, TRANSPORTATION, AND STORAGE INVESTIGATIONS.

Investigations on the marketing, transportation, and storage of
fruit have consisted mainly of a study of the relation of handling
methods to decay and deterioration in oranges and pomelos in
Florida; table grapes, oranges, lemons, and apples in California;
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and cherries, fresh prunes, and red raspberries in Oregon and Wash-
ington. The investigation of different methods of precooling table
grapes, red raspberries, cherries, and fresh prunes in advance of
shipment is also an important feature of this work.

The general principles underlying the relation of careful handling
to the sound shipping and holding qualities of fruits have been found
to apply to all classes of fruits thus far investigated, including even
such perishable products as cherries and red raspberries.

VITICULTURAL INVESTIGATIONS.

The experimental vineyards established in different sections of
California continue to yield important results, especially in deter-
mining the adaptability of various Vinifera grape varieties to differ-
ent soil and climatic conditions.

FRUIT-DISTRICT INVESTIGATIONS.

The fruit-district work has been extended to cover the regions of
Oklahoma, Kansas, Nebraska, northern Texas, and portions of New
Mexico and Colorado. Ten years’ phenological data have been ac-
cumulated and the results are being tabulated.

ARLINGTON EXPERIMENTAL FARM.

The Arlington Farm, which is the department’s field laboratory
in plant industry, is the largest intensive enterprise of this character
in America. The farm is equipped with barns, tool sheds, .and mod-
ern implements and is manned with men and teams for conducting
the field investigations of more than 20 distinet offices and bureaus
of the department. Besides this equipment there is upon the farm a
bank of greenhouses consisting of 20 separate rooms or units devoted
to experimental research work. A modern gravity brine-system cold-
storage plant with a capacity of 700 barrels has been installed. Two
types of drying apparatus, one for steam and one for direct currents
of hot air, have been provided, as well as a plant for sterilizing soil
and boiling spray mixtures.

TRUCK-CROP INVESTIGATIONS,

The development and maintenance of standard commercial va-
rieties of vegetables particularly adapted to specific purposes is well
under way with lettuce, cauliflower, cabbage, beets, tomatoes, and
potatoes. During the last year standard commercial varieties of
potatoes have been grown in each of the important commercial
potato-growing regions. This stock has all been grown on the hill-
selection tuber-unit basis. The work under way in the development
of new varieties exceeds that of any former undertaking. There
-are in this collection over 25,000 distinct specimens or varieties.
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The peanut investigations have caused rapid extension of the
industry. From a beginning of a few hundred acres in 1908 the
crop this year will require more than 300,000 acres in the Gulf States
alone, where prior to the time mentioned no commercial industry

existed.
GREENHOUSES, GARDENS, AND GROUNDS.

Two additional greenhouses of a temporary nature were added
during the year, one being used to care for the citrus-fruit collection
and another for physical investigations. A number of the worn-out
asphalt walks in the grounds were replaced and worn portions of the
macadam roads repaired. In order to avoid any possibility of dan-
ger from frost should there be a break in the underground heating
main from the central power plant, two large second-hand boilers
were installed adjacent to the greenhouses. Much attention was
given to the lawns adjoining the department buildings in order to
maintain them in good condition. A number of additions were made
to the ornamental plantings upon the grounds.

OFFICTAL COTTON GRADES.

The preparation and distribution of the nine official grades of
white American cotton, as provided by law, has been an important
feature of the work of the Office of Plant Technology. These grades
have been officially adopted as the basis of their operations by nine
cotton exchanges, while the New England Cotton Buyers’ Associa-
tion and the Arkwright Club have agreed to make them the basis
of all their purchases.

. A meeting of the Southern Cotton Buyers’ Association was held
in Memphis, Tenn., at which it was unanimously agreed that the
official grades would be made the basis of all quotations to these
New England organizations. The representatives of several ex-
changes which have not formally adopted the official grades partici-
pated in this action.

The official grades have now been on sale for a little more than one
year, and the number of orders received in the last half of this period
is one-third greater than in the first half. Because of the increased
demand and the perfection of facilities for the preparation of the
grades, it has been found practicable to reduce the price of a full
set to $30. )

The work of placing 50 sets of these grades in vacuum storage for
use as working duplicates in future years is being actively prose-
cuted. It is believed that by this means it will be possible to preserve
indefinitely the exact standard which was originally adopted. This
has never before been accomplished, and the inability to preserve
the integrity of the standard adopted has been one of the principal
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causes of the failure of the attempts heretofore made by the various
branches of the cotton industry to agree upon a uniform standard
of classification.

With a view to encouraging improved methods in the ginning and
handling of cotton, experimental and demonstration work on a com-
mercial scale has been undertaken. It is hoped that these experi-
ments will give an accurate measure of the increased value which
can be given to the cotton crop by a more careful regulation of the
speed of the ordinary cotton gin, by better bagging, the protection
of cotton from exposure to weather, and by securing greater uni-
formity within the bale. The effects of storing seed cotton under
different conditions and for different periods are also being investi-
gated. :

The improved method of measuring the length of cotton fiber
which has been developed has justified all that has been hoped for
it. The method has been demonstrated before important gatherings
of prominent members of the cotton industry, and has been received
with great interest and pronounced approval.

PAPER-PLANT INVESTIGATIONS.

During the year a total of about 3 tons of paper has been made
from cornstalks, broom-corn stalks, nonsaccharine sorghum stalks,
rice straw, properly retted and overretted hemp stalks, sorghum
bagasse, canes from southern canebrakes, “rice-root” grass tops,
and fish-pole bamboo. Good qualities of book paper resulted in prac-
tically all cases, and several of the materials have proved sufficiently
promising as to yield of pulp and quality of paper to warrant more
detailed investigation.

The results with cornstalks have been more encouraging, as higher
yields of pulp in proportion to raw material have been secured.
Special attention has been paid to securing food-extract by-products
that may be used in feeding cattle. Several hundred gallons of
cornstalk extract evaporated to the consistency of molasses have
been produced, and preliminary feeding tests have been carried on
with dairy cattle and hogs. From these it appears that the extract
may have considerable nutritive value. The value of this by-product
and the cost of securing it will probably determine whether or not
cornstalks can become an important paper-making material in the

near future.
FIBER CONGRESS IN JAVA.

In response to a request from the Netherlands Government, the
botanist in charge of fiber-plant investigations was sent as a delegate
to represent this Government at the International Fiber Congress
and Exhibition at Surabaya, Java, held -in July, 1911. The Fiber
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Congress itself was the first international gathering that has been
held for the general discussion of the production of plant fibers. The
subjects were ably discussed by men who for the most part are actually
engaged in operating fiber plantations and who therefore have an
intimate knowledge of the many problems met with in the industry
and also the many practical ways in which these problems are solved.

GRAIN STANDARDIZATION.

The results of the grain-standardization investigations pertaining
to the methods of harvesting, handling, transporting, storing, and
grading grain have been of unusual interest and value during the
year. In this work special attention has been given to the methods
of handling grain on the farm, in elevators and warehouses, and by
transportation companies, including a study of the changes which
take place in grain while in storage or during transit in cars or
steamships, together with a study of the relative value of the factors
taken into consideration by grain dealers and the manufacturers of
grain products in fixing values and grades of commercial grain.
These investigations have likewise included some preliminary work
in the rice fields of Louisiana and Texas on the methods of handling
and grading rough rice, with a view of reducing the immense losses
now experienced in handling this important crop.

Continued investigations during the year have fully confirmed the
conclusions originally drawn that moisture is the most dangerous
factor in the handling of commercial grain. Extensive experiments
made to determine the natural shrinkage of grain when handled in
elevators or warehouses or while in transit in cars have shown losses
in weight due to the evaporation of moisture ranging from one-tenth
of 1 per cent to more than 7 per cent.

Detailed tests of more than 10,000 representative samples have
shown that a very high percentage of the 1911 crop of corn contained
more than 20 per cent of water at the time of marketing, thus em-
phasizing the urgent need of better methods of handling grain on the
farm and of growing types of corn that will mature sufficiently early
to perrhit the grain to be marketed in a dry, sound, and more satis-
factory condition. The degree of deterioration in corn alone, due
primarily to excessive moisture, results in a loss equivalent to more
than a million dollars annually, much of the corn handled commer-
cially becoming musty, sour, hot, and badly damaged.

During the latter part of the year an informal invitation was
extended to grain exporters and representatives of railroad and
steamship companies interested in the handling of export grain to
participate in an informal conference at the department for the
purpose of discussing the results of special observations on seven
cargoes of export corn aggregating more than one and one-half mil-
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lion bushels. This invitation met with a most cordial response, and
the 29 delegates present took an active part in discussing the results
of these investigations, with a view of improving the quality and
conditions of American export grain.

SEED-TESTING LABORATORIES.

On account of the provision for seed testing made by State laws
in North Carolina and Nebraska, cooperation with these States has
been discontinued, and two new laboratories are being opened in
connection with the agricultural experiment stations in California
and Louisiana, the laboratories in Missouri, Oregon, and Indiana
being continued.

Hairy-vetch seed, which has this year for the first time been col-
lected for examination for adulterants, was frequently found to
contain seed of cultivated varieties of spring vetch, the latter gen-
erally being useless for fall sowing on account of winterkilling. An
examination of the hairy-vetch seed-growing section of northern
Germany and northwestern Russia shows that on account of the
difference in time of ripening it is impossible to harvest seed of cul-
tivated forms of spring vetch and hairy vetch together, the former
being used as an adulterant. The Vicia villosa seed originating in
the Baltic Provinces occurs as a volunteer in winter rye and is sepa-
rated as cleanings from the rye.

PROGRESS IN CORN INVESTIGATIONS.

Requests for information concerning the corn crop, received by
the department, were much greater in number and variety than dur-
ing any previous year. In cooperation with interested farmers in
many of the principal corn-growing States work is in progress
which has as its object the development of higher yielding strains
of corn. In connection with this work demonstrations are made
of methods of breeding, methods of seed selection and preservation,
methods of planting and cultivating, as well as tests of soil prepara-
tion and tests of cover crops. This cooperative work with indi-
vidual farmers has resulted in the development of a number of
higher yielding strains of corn and in stimulating throughout the
localities an interest in better methods and higher acre yields. In
a number of instances this work has resulted in a very noticeable
increase in the production of corn per acre throughout the com-
munity.

There is perhaps no other crop capable of giving so profitable a
return from both investigation and demonstration work. The past
season’s work shows more plainly how very responsive this crop is
to judicious treatment and how very little we have systematically
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studied its requirements. When the conclusive demonstrations con-
ducted during the year in a few localities are conducted in many
localities, a sufficient percentage of corn growers will profit by the
demonstrations to cause a general improvement in the acre yield of

corn.
CEREAL IMPROVEMENT.

Adaptation and breeding work with all the cereals has been con-
tinued during the year with special emphasis on the production of
hardier and more drought-resistant varieties and strains. The supe-
riority of many of the drought-resistant cereals was markedly shown
in localities where drought was severe. The Turkey and Kharkof
varieties of winter wheats did especially well, while Swedish Select
oats and Ghirka spring wheat showed much superiority over less re-
sistant varieties. The total production of the Kharkof wheat in the
United States must be at least 40,000,000 bushels. Durum wheat con-
tinued to be the leading grain crop in the dry wheat-producing sec-
tions of the West and Northwest, where winter varieties are not yet
dependable. The use of durum wheat flour is steadily increasing,
and this product can now be purchased in a number of eastern cities.
The season’s work has furnished some good results with proso mil-
lets, particularly under irrigation, but also under dry-land condi-
tions. Emmer, because of its better adaptation, still gives evidence of
being a valuable crop in localities a little too dry for other stock food,
such as oats and barley.

For the work in dry-land grain investigations two new experi-
ment farms have been added, one at Burns, Oreg., and one at Aber-
deen, Idaho. These farms will be managed in cooperation with the
experiment stations of these States. During the year, for the first
time, experiments with grains under irrigation have been under-
taken. These experiments are conducted at points where it is possible
to compare the results obtained with similar varieties under dry-
farming conditions.

The grain sorghums are proving increasingly important as stock
foods for dry-land areas. The dwarf and early varieties, such as
Dwarf milo, Dwarf Blackhull kafir, Sudan durra, and the kowliangs
which have been bred and distributed by this department are giving
surer yields under conditions of greater drought than were formerly
possible. They also permit the extension of these grains into more
northern States, as South Dakota, Idaho, and Oregon.

In rice investigations in the South special attention has been given
to solving the problem of controlling red rice by proper rotations
and cultivation. In California experiments with rice were conducted
at nine different points, and the results already obtained indicate
that commercial rice production may be possible on large areas in
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the Sacramento Valley and on smaller areas in the San Joaquin
Valley. Preliminary irrigation experiments with rice show the prob-
ability of obtaining more profitable yields of this crop with much
less irrigation water than is commonly used. Promising results have
also been obtained in the investigation of growing rice without irri-
gation on the prairies of Florida. Experiments with Arlington
Awnless winter barley have progressed with considerable success.
Seed of this hybrid has been sent to all the experiment stations in
the South and West where winter barley would likely be adapted,
and in many cases excellent success has been reported. Owing to its
high stooling qualities this variety gives promise of becoming very

productive.
DRY-LAND AGRICULTURE INVESTIGATIONS.

Another year of severe drought throughout a considerable portion
of the Great Plains region has shown the value of the investigations
in crop rotations and cultivation methods in this area. These investi-
gations have shown that, while much may be accomplished in the way
of moisture conservation by proper methods of cultivation, none of
the much-advertised methods and “systems” which have been so
vigorously exploited through the public press can insure crops
against droughts as severe as those experienced at some of the stations
during the last two seasons. At those stations where the drought was
less severe some remarkable differences in yields were obtained
where proper methods of cultivation and crop sequence were followed.
The results of the past season’s investigations strongly confirm the
tentative conclusions published in Bulletin No. 187 of the Bureau of
Plant Industry. They also disclose several new problems which de-
mand solution and which will be attacked during the coming season.

The high appreciation of this line of work by those interested in
the agricultural development of the Great Plains was evidenced by
the substantial increase in the appropriations made by the last Con-
gress for its development and extension. The Comptroller of the
Treasury has ruled, however, that, owing to a slight defect in the last
appropriation act, the funds appropriated “ for the investigation and
improvement of methods of crop production under semiarid or dry-
land conditions ” can not be used for the erection of buildings neces-
sary for carrying on these investigations at the field stations. It is
hoped that the next Congress will remedy this defect early in its
session, in order that the current appropriations may be used for this
purpose. If this is done, active operations will be begun at several
new stations early in the coming spring. These stations are located
in FFall River County, S. Dak.; near Tucumcari, N. Mex.; and in the
southern portion of the Panhandle of Texas. It is absolutely essen-
tial to the development of this important line of investigations that
suitable buildings be erected, and unless the funds already appropri-



REPORT OF THE SECRETARY. 71

ated are made available for this purpose the contemplated extension
can not be made until July 1, 1912, thus causing the loss of an entire
season’s work at these new stations. Such a delay at this time would
be very unfortunate, as these stations are in localities where the
drought has been very severe for the last two seasons and the settlers
are therefore in urgent need of all the assistance that can be given
them by this department.

WORK OF THE FIELD STATIONS AT THE RECLAMATION PROJECTS.

The opening of the reclamation projects to settlement has disclosed
many problems of a local character which must be solved before thesc
projects can be brought to their highest state of productiveness. In
order to assist in the development of this region, the department has
established experimental farms upon the following projects: Yuma
(Arizona, California), Truckee-Carson (Nevada), Umatilla (Ore-
gon), Huntley (Montana), North Platte (Nebraska), Williston
(North Dakota), and Bellefourche (South Dakota). Experiments
to determine the tillage methods and crop rotations best adapted to
the conditions constitute an important part of the work at these sta-
tions. Special attention also is given to the utilization of native
forage and fruit plants and to the testing of special crops that seem
peculiarly fitted to the different conditions.

Irrigated regions present problems in plant nutrition and crop
production that are not met elsewhere. A marked diminution in
yield after cultivation for a few years is by no means an uncommon
experience in irrigated regions. These troubles are often the result
of the translocation of the large amount of soluble material that is
usually present in irrigated lands, but there appear to be other causes
not well understood which give rise to a condition of malnutrition
in the growing crop. Particularly is this to be seen in the case of
irrigated orchards. It is highly desirable to undertake at once a
comprehensive investigation of the conditions giving rise to malnu-
trition of crop plants in irrigated regions if we wish to maintain our
irrigated lands in a high state of productiveness.

Some serious pathological problems have also developed on some
of the projects, notably a disease of the potato which has proved
very disastrous on the North Platte (Nebraska) project. These prob-
lems are undoubtely closely associated with the time and manner of
applying irrigation water and also with the quantity of water ap-
plied. The previous crop grown upon the land seems also to be an
important factor in causing these diseases to develop. These various
problems and their interrelation are to be carefully studied through
cooperation among the several offices of the Bureau of Plant Industry
having charge of the respective lines of investigation.
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FORAGE-CROP INVESTIGATIONS.

Notwithstanding the fact that rapid and material improvement
has been made in agronomic methods and in practically every phase
of farming, almost no advancement has been made in the manage-
ment of farm pastures. This is apparently due to the lack of a full
appreciation of their value, for it is a fact that pastures will stand
neglect to a greater extent than any other portion of the farm and that
the results of care and treatment are not so readily noticeable as in the
case of cultivated crops. The careful investigations that have been
under way for the last four years are now beginning to point to
methods of management that will very materially increase the in-
come from pastures that are now unprofitable. The optimum rate of
grazing pastures seems to be one of the most important factors in
connection with their management. In carefully conducted tests
very light grazing as well as very heavy grazing has proved in-
jurious. The value of alternate grazing and surface cultivation has
been measured under carefully controlled conditions, and data have
been accumulated to form a basis for reliable recommendations.

A new forage crop to become popular in any section must possess
points of superiority over forage crops that are already well estab-
lished. This season two new grasses, Rhodes grass and Sudan
grass, have proved to be so superior to other grasses for the same
conditions that they are being accepted at once in sections where
they have been tested.

The ability of Rhodes grass to produce heavy yields of palatable
and nutritious hay in Florida and other parts of the Gulf coast
region, where a good hay grass is a valuable desideratum, makes
this grass one of the most promising of recently introduced plants.

Sudan grass, introduced from Africa, is another example of a
new forage crop that has become popular almost in one season.
This grass apparently possesses all the valuable characteristics of
the well-known Johnson grass without being at all troublesome as
a weed on cultivated land. Sudan grass is an extremely promising
grass not only for the South, where Johnson grass is now being
grown, but also for sections farther north as an annual crop to
replace millet. It is a very drought-resistant species and gives
heavy yields of good hay.

A new variety of velvet bean promises to become a valuable crop
for forage and soil improvement in sections that are considerably
north of those now producing the Florida velvet bean. While fur-
ther tests of this variety are necessary to determine its value and
northern limit, the present indications are that it will become a
very popular and profitable crop as far north as southern Arkansas.
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INVESTIGATIONS IN FARM MANAGEMENT.

This important work will be grouped under four principal heads:
(1) Studies of farm practice; (2) cost accounting and farm records;
(3) farm equipment; and (4) farm problems, or extension work.
In the studies of farm practice, much additional information has
been secured concerning the relation of farm practice to crop yield,
the relation of methods of tillage to crop yield and to soil and labor
conditions, and the relation of cropping systems and methods of
tillage to weed control. Particular attention has been given to the
relation of crops to the general distribution of labor on the farm.
An important phase of the work of farm management has to do with
the problems of the farmer or the application of all the data secured
to the individual farm. From most of these farms similar records
were secured last year. These records show the cost of every kind
of farm operation under widely varying conditions of management.
They also show the dates at which all work is done and the number
of men and horses required to perform each operation economically,
and hence they are of great value in formulating working plans for
farms. A careful study has been made of the capital invested, the
elements of cost, and the sources and amount of income on all farms
in several representative townships in three Middle Western States.
These studies give important information on the types of farming
best adapted to that section, the relation of successful management
to the training and education of the farmer, the average percentage
of profit on the investment, the relation of profit to the seasonal
distribution of labor, and many other important problems connected
with the organization and conduct of the business of the farm.

Studies of the character and cost of all phases of farm equipment
and the distribution of capital among the elements of equipment,
such as land, buildings, fences, live stock, and implements and ma-
chinery, have been conducted on a large number of farms in several
widely separated localities. In connection with the studies of cost
accounting and farm records, investigations have been made of all
the operations on a large number of farms. The reorganization and
redirection of agriculture in the various sections of the country is
a task calling not only for broad knowledge of the sciences which
are fundamental in agriculture, but also for an intimate knowledge
both of farm practice and of the problems confronting the farmer
in any given section. Changes in farm practice in many localities
are imperative for the good of the farmer as well as for the general
welfare. In many places the practice of unwise methods has resulted
in marked decrease in the yielding power of the soil. In nearly all
of the older States there is a noticeable decrease in rural population.
The growth of urban population and the development of transpor-
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tation facilities have made important changes in the demand, and
hence in prices, of farm products, rendering changes in types of
farming desirable and necessary. The problem of tenant farming
is pressing for solution. As the older men retire, the young men
having largely entered other callings, it becomes necessary to rent
the farm. The tenant is usually without the capital necessary to
equip for live-stock farming; he therefore exploits the farm and
then moves on to exploit another. This problem must receive atten-
tion. Systems of tenant farming must be evolved that will give
consideration to the future productiveness of the soil.

The necessity for important modifications in farm practice and
the reorganization of the agriculture of many sections is becoming
generally recognized and public interest is being awakened. This
is one of the most important phases of the work of this department.
An organization has been formed and men have been trained to lead
in this work. We are now ready to extend this work. In doing
this we propose to cooperate as closely as possible with all those
agencies in the several States which are interested in work of this
character.

FARMERS’ COOPERATIVE DEMONSTRATION WORK.

The farmers’ cooperative demonstration work has been developed
into a system for carrying information to the farmer on his own
farm. It has as two of its strongest points the carrying on of dem-
onstrations in the production of standard crops under the best-
known methods on the land of the farmer being instructed and the
securing of such active cooperation in the demonstration on the part
of the farmer as to bring about the adoption of the method advo-
cated. After seven years of experience and development it has grown
into a great and successful institution. Not only has it been success-
ful in showing the southern cotton farmer how to meet the ravages
of the cotton boll weevil, but it has spread abroad through southern
agriculture lessons of great value, and rapid strides are being made
in that section in diversified farming, the keeping of live stock, and
the building up of soil fertility. From the great extent of this work
and the years of experience the department has had with it, it may
safely be said at this time that when intelligently directed this
method of disseminating agricultural knowledge proves successful
and secures the allegiance of the educated and progressive farmer as
well as the poorer classes and negro tenants.

One important branch of this work has been the boys’ corn club
movement. This has attracted much attention, and has served as a
means of stimulating general interest in better agriculture in the
South and better knowledge of its great agricultural resources.
Corn clubs were organized in other States for some years before they
were started by this movement in the South, but nowhere have they
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been organized more systematically or successfully. The numbers
have increased from a small beginning four years ago until the present
enrollment is practically 60,000. Prizes are awarded for excellence
in growing corn on one acre to be contested for by boys organized
into clubs in cooperation with the public-school system of States
and counties. The prizes are contributed either in money or useful
things by merchants, commercial organizations, public-spirited indi-
viduals, and others. One of the strong features has been the method
of awarding prizes, the prizes not being given to the boy who raises
the most corn on his acre, but the practical and educational value of
the lesson is kept in mind, and in making up the award emphasis is
given to best yield, minimum cost of production, quality of corn
produced, and best written report of the undertaking. The prize
winner in each State as a rule has part of his reward in a prize trip
to Washington, where the boys gathered from the several States
receive much attention and have opportunity to see and study
the interesting things in the Capital City. These clubs are helpful
in attracting the attention of the young men to the advantages of
farming as an occupation, in waking up the older farmer to the ad-
vantages of better methods of production, and in assisting the public-
school system in vitalizing rural education. In the States of North
Carolina, South Carolina, Georgia, Alabama, Mississippi, Louisiana,
and Arkansas this boys’ corn club work has been carried on by the
Farmers’ Cooperative Demonstration Work in direct cooperation
with the agricultural colleges of each of those States.

As the home is the all-important feature of farm life and is closely
associated with its economy, it has been thought wise to help the
girls as well as the boys. The problem of the production of home
supplies is close to the home. With the great possibilities the South
has for the production of vegetables and fruits and with the modern
conveniences accessible for canning and preserving them, it is possible
to have provisions of the best kind the year round. This and the
keeping of poultry go far toward relieving the wrong side of the
family ledger. Girls’ canning and poultry clubs have been organized
by the department in cooperation with colleges of agriculture and
other institutions in the South, the object being to instruct the girls
in the best methods of raising the ordinary garden vegetables, can-
ning the same for winter use, and the care and keeping of poultry.
This work is financed by the General Education Board of New York,
with the hearty financial cooperation of the agricultural colleges of
the South, and to it, through the demonstration work, the department
is lending its guiding assistance. This work has only just begun.
Prizes are offered in the same way as in the corn clubs, and the girls
and farm women of the South are showing great interest in this
branch of the work.
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PROGRESS IN PLANT INTRODUCTION.

The striking fact that the vast majority of valuable varieties of
our cultivated crop plants have originated by chance and been dis-
covered by private individuals seems to warrant the encouragement
throughout the country of private testing gardens as well as official
ones, in which newly introduced plants can be grown and closely
watched by intelligent and interested people. It is not deemed expe-
dient as a policy to support these testing gardens with Federal funds,
but to supply the plant material which is propagated in extensive
propagating gardens, and in this way encourage the building up of
permanent collections and arboreta which shall be supported by
State appropriations or private endowments.

In order to encourage those thoroughly interested in the testing
of new plants and their use in the creation of new varieties, plant in-
troducers are sent out to visit the various gardens and bona fide pri-
vate experimenters. They arrange for the placing of the valuable
plants, interpret the results, suggest new and promising fields of
investigation, and report on the demands for foreign plants with
which to work. .

In addition to the State experiment stations, permanent places for
the testing of long-lived perennial plants have been found in city
parks, the grounds around many public institutions, and the farms
connected with the Indian reservations. By this method a wider
circle of experts and amateurs is being reached than would be possi-
ble by the building up of a few large collections, in that it brings to
their own gardens new plants upon which they can experiment and
which they can breed with our native species.

An agricultural explorer has during the year explored the cold dry
regions of Chinese Turkestan and crossed the Tien Shan Range into
Siberia and obtained wild apples, pears, bush cherries, and other
fruits and forage plants which can not fail to be of value to the
breeders of hardy plants in the Northwest.

CONGRESSIONAL SEED DISTRIBUTION.

Seeds and plants were distributed upon congressional order as in
former years. Between six and seven hundred tons of vegetable and
flower seeds, put up in approximately 60,000,000 packets, were dis-
tributed the past season. Of this quantity about 10 per cent was
flower seed and 90 per cent vegetable seed. Approximately one-third
of the total quantity was procured from surplus stocks, and the
remainder was grown under contract for the department during the
current season. In every case seed was secured on competitive bids,
and no seed was accepted for distribution unless it was found after
repeated tests to be of satisfactory purity and vitality. Every lot
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of seed is tested for germination two or more times before and after
shipment, and a sample of each lot is grown on the trial grounds
of the department under the direct supervision of expert horticul-
turists to determine its trueness to type. Many thousand pounds of
vegetable and flower seeds which do not meet the requirements of
the department are rejected every year and returned to the seedsmen
by whom they were shipped. Where seeds are contracted to be grown
for the department the fields are inspected at the proper season by
specialists, who see that the plants are uniformly true to type and
that a proper system of roguing out variations and mixtures is fol-
- lowed. This system has resulted in steady improvement in the
quality of seeds distributed by the department, as shown by the
results obtained on the trial grounds and by hundreds of reports
from all sections of the country.

The work of packeting, assembling, and mailing the vegetable
and flower seeds was done under contract at a cost of $1.10} per
thousand packets, which included delivery of the packeted seed in
mail sacks direct to the Union Station. A new contract has been
entered into for putting up and mailing the seeds for the coming
distribution at a saving over the former contract of 1 cent per thou-
sand packets.

Approximately 12,000 pecks of four improved varieties of Upland
cotton developed by the department were distributed in the cotton-
growing States last season. The continued distribution of these
improved cottons, with the accompanying circulars which contain
detailed instructions for the home selection and improvement of
seed, has resulted in widespread interest in seed selection in the
South.

The propagation of Dutch bulbs in the Puget Sound region in
connection with the congressional distribution is progressing favor-
ably. Trial sets of narcissus and tulip bulbs propagated near Bell-
ingham, Wash., were planted at Washington, D. C., with sets of
bulbs of the same varieties imported from Holland, and the Bell-
ingham bulbs produced better blossoms 10 days earlier than the im-
ported bulbs. The early blooming period of American-grown bulbs
is of importance to all professional florists, because of the saving in
time and fuel where bulbs are forced for market.

BUREAU OF CHEMISTRY.
FIELD WORK AND SCIENTIFIC STUDIES ON HANDLING POULTRY AND EGGS.

The Food Research Laboratory has for another year pursued its
policy of working out in the laboratory the fundamental scientific facts
pertaining to the handling of poultry and eggs and of applying these
facts to industrial problems by practical work in the field with all
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the branches of the industry. No problem of gathering, killing,
chilling, shipping, holding, etc., is without meaning in this investi-
gation, and all the work done has been of value to the consumer and
to the industry in the betterment of the product and in securing more
stable financial returns. Throughout the industry there is not only
the spirit of cooperation, but an effort to push the inquiries and ob-
tain information as rapidly as possible because of the growing ap-
preciation of the value and the necessity for work on the betterment
and conservation of perishable foodstuffs. The specific problems
attacked this year have included a comparison of the effects of “dry
packing ” with water chilling and “ice packing,” extensive field and
shipping experiments having been made from plants in Atchison,
Kans., and in Nashville, Tenn., to New York, with careful inspection
and laboratory examination from the killing until marketing is com-
pleted. The results obtained are of the utmost practical value, and in
the course of the work a mass of scientific data on the composition of
fresh chicken flesh and the bacterial and chemical changes in same
due to temperature have been obtained. The same data under condi-
tions of routine marketing have been determined. Other problems of
handling have included methods of killing and a comparison of the
rate of decomposition of drawn and undrawn poultry, based on ex-
perimental work and bacteriological and chemical examinations, while
some of the transportation and storage features of the problem have
been discussed.

The practical results of the scientific work and the industrial ap-
plication of the same are given to the industry as promptly as the
facts become a certainty. Publication of the details of all the work
is made according to the class of readers to which it especially
applies. But the essential facts, which will help at once to get better
poultry to market, are given to individuals or organizations or in

~answer to inquiries whenever they can be helpful, since this work is
essentially for immediate betterment all along the line.

A demonstration of killing, picking, chilling, packing, and ship-
ping poultry and also of the details of candling and handling eggs
was given at the present field laboratory, which is in a packing house
at Nashville, Tenn. The interest manifested by the shippers, their
keen appreciation of what the work meant to them, and especially
of its value in the development of the poultry and egg industry in
Tennessee and Kentucky, was extremely encouraging. This demon-
stration was followed by an illustrated talk in New York, that the
receivers might know of practices prevailing in the producing sec-
tions and have a more definite knowledge of the reasons for the con-
dition of their poultry receipts. As a practical supplement to this
talk a shipment of poultry killed 1,000 miles from New York, dressed
in various ways and shipped under refrigeration, was exhibited in
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one of the chill rooms of a refrigerated warehouse, the birds showing,
even to a casual observer, the difference in condition due to different
modes of handling.

The studies of the handling of eggs and the preparation of the
frozen and desiccated products are proceeding along lines similar
to those followed in the poultry investigation, but as yet they are in
an incipient stage. The frozen-egg investigation has met with the
hearty support and cooperation of the progressive men of the in-
dustry. Everyone familiar with weather conditions and egg handling
as at present conducted in the Central West knows that the waste
of this most valuable foodstuff is appalling. It is imperative, in the
face of the growing shortage of our food supply, that this waste
be lowered by every means possible. Many eggs wholesome when
received by the shipper are rotten after the long railroad haul to the
center of consumption. Such eggs should have been wholesomely con-
served for food, and, on the other hand, eggs which have deteriorated
below the food line must not be packed for food purposes by the
careless, incompetent, or greedy packer. This, like the general poul-
try and egg handling problem, is a problem of, first, scientific in-
vestigation, and, second, practical education and application of
scientific principles. The present efforts are “ breaking prairie” in
the broad expanse of work to be done on the betterment and con-
servation of perishable animal products. So far the results have
amply upheld the methods used. The plans for future work are com-
prehensive, and because of a growing understanding of the problems
to be met and the methods available the results to come should be
increasingly valuable, both economically and from the standpoint of
public health.

FRUIT PRODUCTS.

Economic studies on the utilization of surplus fruit juices and the
vields obtained by preparing the juices of various fruits in different
ways have been made in collaboration with the Bureau of Plant
Industry on a scale rendering the results commercially practicable.
Special points considered were the effect of sterilization on the flavor
of citrus fruits, the preparation of dried sugared pineapples on a
large scale, and a laboratory investigation of the ripening of per-
simmons without softening, which is to be extended to field work,
since the results indicate that instructions for commercial processing
may be given which will greatly increase the market for this fruit.
The studies on fruit respiration have included this year the effect of
temperature on vital processes, the results being of economic value
in their bearing on the storage and transportation of fruit.

The manufacture of citric acid, oils, ete., from waste citrus fruits
has been made the subject of a laboratory investigation, mechanical
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devices for lessening the cost of production have been planned, and
the results will now be tested by experiments on a commercial scale.

In the Enological Laboratory economic studies in the utilization of
waste apples and grapes and the improvement of the by-products of
these crops are made. To this end the composition of American
grapes and apples in the different fruit districts of the country is
determined, and a critical study is made of commercial samples in
comparison with pure products of known history. The study of
veasts and the preparation of pure cultures for practical use in
producing high-grade ciders, etc., is an important item in improving
quality. These yeasts were distributed to 13 of the chief fruit-grow-
ing States during the year for experimental use by persons interested
in the production of fruit by-products. A permanent laboratory
at Charlottesville, Va., and a field laboratory at Sandusky, Ohio,
make it possible to perform this work in a practical as well as a
scientific manner, insuring results of value to the growers and manu-
facturers. '

INSECTICIDES AND FUNGICIDES.

The investigations to discover new insecticides and improve those
in use so that their efficiency may be increased and the injury to
trees and fruits diminished may well be included among the im-
portant economic chemical investigations, inasmuch as the saving
to the farmer, both in initial expense and in protection of the crop,
is enormous. Exhaustive investigations along this line have had
to do with the solubility of Paris green and lead arsenate in water,
involving 8,500 arsenic determinations; the problem of fumigation
with hydrocyanic acid gas, the results of the study, which are of
considerable economic importance, being already published as Part
I1I of Bureau of Entomology Bulletin 90; and the accumulation of
toxic compounds in the soil as the result of using poisonous ele-
ments, especially copper and arsenic, in sprays. A new phase of
this work, which should result in marked improvement of the com-
mercial insecticides and fungicides found on the market, is the
chemical and microscopic examination of these materials under the
insecticide act, which went into effect on January 1, 1911, and aims
to prevent the misbranding and adulteration of these commodities.
In connection with this work about 418 samples were examined,
involving some 2,800 determinations, the greater part of these being
made at the request of the Bureau of Entomology. The improve-
ment and discovery of suitable methods of analysis for the perform-
ance of this work is of fundamental importance, and much time is
devoted to researches of this kind, about 600 determinations having
been made to this end during the year.
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CONSERVATION OF TURPENTINE, ROSIN, ETC.

The work which has been in progress for several years on wood
turpentine and other products obtained in the distillation of wood
has been so far advanced that its publication is.deemed advisable.
This work shows how the number and value of the products ob-
tained in the distillation of wood can be increased, how the quality
of the products may be improved, and the cost of the products de-
creased. Properly refined wood turpentine has been found to be a
suitable paint and varnish thinner for all but the highest grade
varnishes, and it may safely be used by the workman in well-ven-
tilated places.

The work on the misgrading of rosin has developed the fact that
such misgrading is largely due to the practice of cutting the samples
on which the rosin is graded too large, and also to the fact that the
standard type samples with which the rosin to be graded is com-
pared rapidly bleach out and become lighter in color under the
severe climatic conditions existing in the South. The indications
are that in the neighborhood of 400,000 barrels of rosin are annually
misgraded from the above-mentioned causes, and the loss occasioned
by such misgrading is chiefly at the expense of the rosin producer.
In order to prevent this as far as possible, a simple device has been
prepared with which the producer of rosin can himself accurately
grade his product and in this way check the subsequent official
grading.

EXAMINATION OF CONTRACT SUPPLIES.

The testing of deliveries to the various Government departments
of paper, textiles, leather, turpentine, rosin, and other materials has
steadily increased, thus showing a gratifying appreciation of the
help which the Bureau of Chemistry can render the other depart-
ments. Frequent calls for advice in the purchase of the above-men-
tioned materials and for service on inspection committees are re-
ceived, and the assistance which has been rendered in the preparation
of specifications and in the testing of supplies has saved thousands
of dollars annually to the Government. These specific materials are
examined in the Leather and Paper Laboratory, all other contract
supplies being examined in the Contracts Laboratory, devoted exclu-
sively to such work. A total of 2,309 samples were examined in the
Contracts Laboratory last year. Of these over 1,300 were colors,
paints, fats, and oils, principally for the Bureau of Engraving and
Printing; 801 samples were examined for the Department of Agri-
culture; 1,217 for the General Supply Committee; and 310 for the
Isthmian Canal Commission. -
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INSPECTION OF FOODS AND DRUGS.

The inspection force of the Bureau of Chemistry collected 9,500
official samples of foods and drugs during the fiscal year, and 2,000
additional samples for use in scientific investigations relating to the
enforcement of the food law, providing data on which 812 seizures
were based. Each of these samples was referred to the appropriate
laboratory at Washington or to one of the 21 branch inspection labo-
ratories, the reports from the latter points showing that 3,280 inter-
state samples were found to be legal and 3,113 misbranded or adul-
terated, while 503 check analyses were made to insure that correct
results were obtained before recommending action on the samples.
In connection with this work 5,370 hearings were held, less than half
being by correspondence. There were 96,129 floor inspections made
of imported products, of which over half were made at New York. A
total of 9,698 imported foods and drugs were analyzed at these ports,
of -which number 3,085 were adjudged adulterated or misbranded
and 1,268 were released without prejudice to future shipments. The
miscellaneous samples examined at the branches aggregated 1,406,
making a total of 18,000 samples.

In this connection there must be considered the analyses made
at the Washington food and drug inspection laboratories and at the
special laboratories handling specific classes of materials, such as
the dairy products, waters, cattle foods, flavoring extracts, and
essential oils. Here check analyses are made and all cases prepared
for the consideration of the Solicitor, in addition to the original
analyses made for inspection or investigation work. Approximately
752 samples are reported by the drug-inspection laboratories, of
which 529 were domestic products; 231 of these were found to be
adulterated or misbranded. The Food Inspection Laboratory proper
reports 2,067 domestic samples and 1,097 imported foods, largely
check samples on branch laboratory reports; in this laboratory
2,142 cases were prepared for consideration. In addition the Food
Technology Laboratory reports 108 initial and check samples and 185
cases prepared on extracts and essential oils; the Dairy Laboratory
reports 820 official interstate and import samples and the prepara-
tion of 347 cases; the Water Laboratory 200 samples, only 39 being
of foreign origin, of which 11 were misbranded, while 39 of the
161 interstate samples were considered illegal and 6 seizures were
made; of the 500 interstate samples of cattle and poultry foods 76
were found to be adulterated or misbranded. This total of 3,672
domestic and 1,302 import samples at the Washington office gives a
general total of 22,974 samples examined in the course of the in-
spection work alone, including check examinations and other neces-
sary duplications in the work.
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DRUG INVESTIGATIONS.

The important cooperation with the Post Office Department in
issuing fraud orders against medicinal agents sent through the mails
and proved to be of a fraudulent or injurious nature has been con-
tinued. As in former years, the consumption, cancer, and epilepsy
“cures” continue to form the most important classes of materials
handled.

DAIRY PRODUCTS.

While the whole range of dairy products is covered by the examina-
tions made, the evaporated and condensed milks and cheese formed
the bulk of the samples examined at the Washington laboratory. An
investigation begun in 1909 in regard to the concentration of evap-
orated milk was completed, and Food Inspection Decision 131 has been
issued on this subject. Condensed milk, both sweetened and unsweet-
ened, continues to be made in many instances from skimmed milk;
the violations in the cheese trade consist most frequently in short
weight or the sale of a skimmed cheese for a full cream. A total
of 347 cases were prepared during the year on such products, nearly
900 of which are milks and creams, 44 cheeses, and 40 ice creams.

WATERS.

Mineral and table waters are examined both at source and as found
on the market. As a result of the analysis of 161 domestic samples,
39 were found to be adulterated or misbranded and 6 seizures were
made, while of the 39 imported waters, the exclusion of 11 was recom-
mended. In this connection an extensive survey of the mineral
waters of the United States has been undertaken and the data in re-
gard to the waters of the New England States have been issued as
Bureau of Chemistry Bulletin 189. This material is of the utmost
value to physicians and consumers, especially those depending on the
waters for any therapeutic effect, as well as to those called upon to
pass on these waters in the enforcement of the law. Correlated
studies include the analysis of public water supplies, investigations
for the improvement of methods of water analysis, the character of
chemicals used in water purification, etc.

CATTLE FOODS.

The studies of cattle foods and grains are by no means confined to
the aspect of adulteration, since economic problems, such as the feed-
ing value of forage crops and the composition of grains and cereals,
form the fundamental part of the work of the laboratory charged
with this subject. Of the 891 samples examined, however, 500 were
interstate samples of cattle or poultry foods, and 76 of these were
found to be adulterated or misbranded.
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SUGAR AND SUGAR PRODUCTS.

The investigation of maple products begun two years ago is near-
ing completion, the season for the work being so short that the yearly
results obtained at the camps are necessarily limited. A mass of
analytical data has been determined on samples collected in different
parts of the country and manufactured under varying conditions.
The data on maple sap sirup have been published as Bureau of
Chemistry Bulletin 134, and those on maple sugar and maple-sugar
sirup are being compiled. Numerous practical problems attending
the collection of the sap and the manufacturing processes are being
studied, notably the effect of souring of the sap and of the use of
different materials for sap containers and evaporators on the final
product.

The studies of the effect of environment on the composition of
sugar-bearing plants was extended to include muskmelons, the work
being conducted in eight different States, representing widely dif-
fering climatic conditions, from Florida to Connecticut and from
Arizona to New Jersey. Valuable results, such as were obtained in
the five-year experiments on sweet corn and sugar beets, are expected,
but no conclusions can be based on one year’s work.

Miscellaneous sugar investigations include work on the moisture
content of Louisiana cane sirup and molasses, the adaptation of
methods of analysis of sugar beets to commercial needs, the chemical
examination of imported honeys, and the analysis of American
glucose and starch sugars.

PLANT PHYSIOLOGICAL CHEMISTRY.

The influence of environment on the chemical composition of vari-
ous cereals, such as wheat, rye, oats, barley, buckwheat, etc., is
studied in analyzing the crops grown in different localities during
a number of seasons and in comparing the data on composition thus
obtained. Thousands of such analyses have been made, and a re-
port is in progress. Wheat is also grown under varying conditions

of sun and shade, and plants grown in the Great Plains area are
‘examined to determine the effect on composition of different methods
of handling the crop, especially the influence of rotation on produc-
tion. The composition of different varieties of barley grown in
the same location for several years has been studied, and milling
and baking experiments are supplementing the chemical work done
to determine the comparative value of different wheats. The starch
content of different varieties of potatoes is determined with a view
to selecting the best varieties to be grown. These studies are made
in collaboration with the Bureau of Plant Industry. '
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Important physiological studies have included experiments in
growing cereals, usually wheat, for a few weeks in water solutions
containing different plant foods, and, by the determination of their
composition and that of the residual solutions, arriving at impor-
tant data as to the physiological process of the young plant and its
needs. In the same way the effects of different conditions are ob-
served on the root formation of young plants, certain salts having
been observed to have a deleterious effect. '

The study of starches obtained from different plants, especially
with a view to obtaining a more complete extraction than at present,
an investigation of the graham flours on the market to determine
whether they are mixed or straight, and baking and chemical tests of
the availability of cottonseed meal, peanut meal, soy-bean meal, etc.,
in bread making, are miscellaneous lines of work pursued in con-
nection with the other cereal studies. '

ANIMAL PHYSIOLOGICAL CHEMISTRY.

The most important investigation along this line is perhaps the
collection and analysis of about 30 different brands of infants’ foods,
supplemented by feeding experiments on small animals, using the
commercial formulas for preparing the foods and also certain modifi-
cations. The detailed data are being collated, and some of the results
already have been profitably used in charted form for the infor-
mation of societies interested in this problem, which is of great
importance in the conservation of public health, Other problems at-
tacked by work along these lines include the methods of determining
deterioration in meat and fish, a study of beef and yeast extracts of
known and unknown origin, and the determination of the solubility
in the digestive juices of the silver coatings used on candy.

FOREST SERVICE.

The notable features of the year have been the thoroughgoing at-
tention given to improving the organization of all activities, both
field and office, which has amounted to a complete overhauling of the
entire administrative mechanism; better application to the National
Forests of the fundamental administrative policy laid down for them
by Congress, through the development of a steadily higher quality
of technical work; far more effective protection of the Forests against
fire than ever before; marked advance in the silvicultural work, both
in connection with the cutting of timber and in the field of reforesta-
tion ; inauguration of work under the Weeks Act, looking to the pur-
chase of lands for National Forests in the White Mountains and
Southern Appalachians; and, finally, but by no means least, im-
portant progress in laying broad and sure foundations, by means of
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thorough study of underlying technical problems, for the eventual
superstructure of applied conservation, or, in other words, for devel-
opment of the full latent value of the Forests as public resources.
Like all foundation work, what is done in this field is mostly below
the surface and attracts little public attention; but it is going quietly
yet vigorously forward and is already beginning to justify itself in
results. Without such work National Forest management would be
a shallow-rooted plant in an arid land.

ORGANIZATION.

From top to bottom the members of the Forest Service have been
studying the possibility of improving the machinery and methods in
use. One reason for this has been the need everywhere felt to utilize
the funds available to the best advantage. All of the various lines
of work have been scrutinized in an effort to discover where more
economical methods could be employed without any sacrifice of
efficiency. Beneficial results have been obtained principally along
three lines: First, both the scientific work and the administrative and
protective work have been put on a better basis thfough more careful
organization; secondly, the supervisory force at Washington and in
the six district offices has been materially cut down; thirdly, steps
have been taken to gather better cost data, establish cost standards,
and insure the maximum of result in all kinds of field work, through
standardizing the work itself and obtaining a measure of its efficiency.

The only important change made in the general form of organiza-
tion was the creation of a new administrative unit to handle the work
in connection with land purchases under the Weeks Act. It was
found that the opportunity for improving the organization lay not
in radical alterations of the administrative machinery, but in a tight-
ening of the various parts and a better direction of effort. A renewed
impetus has been given the scientific and cooperative work, on which
largely depends the development of the practice of forestry on pri-
vately owned timberlands (carrying four-fifths of the total timber
supply of the country) throughout the United States.

The organization of the work on the National Forests under six
district offices, effected three years ago, had for its immediate pur-
pose closer supervision of field activities and the elimination of
delays in the transaction of business; but it had also in view the
ultimate reshifting of much of the responsibility and the work then
removed from Washington, out of the district offices to the Forests.
To insure the application of proper technical methods and the set-
ting of proper administrative standards, it was at first necessary to
place in each district a considerable force of well-trained men. It
was also necessary at the outset to provide for maintaining a con-
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siderable oversight of the district offices from the Washington office.
Gradually the work of supervision both in Washington and in the
districts has grown lighter, and the personnel changes thus made
possible have reduced the overhead supervisory force by a third or
more. A large part of these changes took place last year.

The study of costs and work standards and the effort to increase
efficiency through better organization, more careful definition of
the ends to be sought and the methods to be followed, and better
time and output records has been taken up with enthusiasm by the
rangers and supervisors as well as in the districts. Plans are being
developed in many places for making the field work, and especially
the work of the rangers, more effective. I believe that it would be
difficult to find in any branch of the Government more energetic
and loyal effort to develop and apply the methods which will mean
the largest possible return in work accomplished for the money dis-
bursed than now permeates the Forest Service.

ADMINISTRATIVE POLICY.

The act of June 4, 1897, which gave authority for the adminis-
tration of the National Forests, also plainly indicated that Congress
intended the reservations to be maintained, protected, and improved
for the public benefit, and at the same time to be opened to use as
public utilities, under regulations framed to conserve their pro-
ductive value. The principal task involved in giving effect to the
purpose of Congress with respect to the National Forests is that of
developing their use. Their primary uses are to produce continuous
supplies of timber and to regulate the flow of water. Subordinate to
these uses, yet of large importance, are their use for grazing, for
recreation, and for many kinds of occupancy. The regulation of
use for these subordinate purposes must be so adjusted as not to
prevent the carrying out of the primary purposes for which the
Forests were set aside, while enabling the public to secure from them
as many advantages as possible.

From the time that the National Forests were placed under my
jurisdiction I have administered them with a view to the develop-
ment of their largest public usefulness. Up to the time that they
were taken over, little constructive work had been done. As they
have been set aside in order to insure that their benefits shall be
permanent, their proper development necessarily involves the mak-
ing of plans which look far ahead, and such control over present use
as will prevent future loss of productive power.

The object of forestry is to conserve through use. It includes
protection of the timber now standing, but it has for its main pur-
pose continued production along with constant use. Without the
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application of forestry, use of the Forests is always accompanied by
deterioration. Forestry means simply intelligent control of the
processes of nature, in order to reap the largest advantage. It is
comparable with the work of scientific agriculture, of which indeed
it is a branch. Just as unintelligent farming brings about a decline
in the productive power of the farm, so use of forests which is not
guided by knowledge of the forces at work means impoverishment of
forest resources. Everywhere in this country the contact of civilized
man with the forests has brought abuse of the forests. This is as
true of the National Forests as it is in the East, though not to the
same degree. They declined progressively from the time of the
pioneers until intelligent regulation of their use began. Though
vastly the greater part of the National Forests are virgin, so far as
timber cutting is concerned, they have been so desolated by past fires
ond injurious grazing that they are in far from the best condition.
One of the tasks involved in administering them is to build them up.

Technical forestry is so new a thing in this country that the nature
of its work is even now not clearly understood by the public. The
long period required to bring a forest crop to maturity makes the
intelligent management of forests possible only if present operations
are shaped with a view to results which will follow many years sub-
sequently. The entire scheme of management generally looks to the
attaining of ends a century or more in the future. It is a question
of organizing all operations under a constructive plan which must
move forward a step at a time, each step coordinated with those
which precede and follow, to the final fulfillment of its purpose. The
forest must, through scientific knowledge of the laws which govern
it, be slowly shaped into conformity with the plan. The relative
amounts of growing timber of different ages, the kinds of trees, the
volume of timber which will be available at different times, the
development of transportation facilities, and the probable future
market demands, both as to quantity and kind, must be carefully cal-
culated. All of this means that the application of forestry requires
a policy of management which, for a long period of years, shall be
stable. The absolute necessity for a stable policy of management
constitutes the strongest reason why Government ownership of pro-
ductive forests is essential to the public welfare. To develop a
stable policy and attain the final goal, forest administration must
be developed along technical lines.

During the nearly seven years that the Forests have been under
my control I have built up a technical staff. This I regard as the
fundamental achievement that has been attained. The immediate
work ahead when the Forests came under my control was that of
organizing an administrative system to provide for protection of the
Forests, while opening them at once to as many kinds of use as possi-
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ble. This immediate work, however, was undertaken with the pur-
pose not of providing a temporary makeshift, but with an attack at
once on the underlying problems of constructive development. Per-
manent foundations have been laid down.

The same necessity for a technical administration applies quite as
strongly to the control of grazing through range management as to
forest management. Unlike the National Forest timber, the National
Forest range is already in practically full demand. When the Forests
were created abuse of the range had gone much further than abuse of
the timber. Because of the extent to which deterioration had taken
place, because there was immediate demand for most of the forage,and
because the forage crop is produced and harvested each year, oppor-
tunity for realizing immediate results through constructive adminis-
tration was greater in the case of range management than in that
of forest management. ‘The objects sought were (1) the protection
and conservative use of the range itself; (2) promotion of the best
permanent welfare of the live-stock industry; and (3) protection of
the settler and home builder against unfair competition in use of
the range. The results which have been already obtained are a strik-
ing example of what practical conservation means. The work of the
year in range management will be set forth later. I wish now, how-
ever, to call attention to the fact that all of this work has been accom-
plished through technical administration and could not have been
accomplished without it. The technical knowledge required to han-
dle grazing questions satisfactorily has been developed along with
that required for timberland management and is applied by the same
technical staff. To a large extent the two sets of problems interlock
and must be handled together.

In developing technical methods of administering the Forests
material assistance has been obtained by drawing on the expert
knowledge possessed by various branches of the department besides
the Forest Service. The Biological Survey is aiding greatly in the
work of reforestation by devising methods for the control of rodents,
which interfere formidably with the success of reforestation through
seed sowing; is assisting in improvement of the range by the elimina-
tion of prairie dogs, which cause a heavy annual loss in the forage
crop; and has contributed to the work of lessening losses to live
stock through predatory animals. Protection of the Forests against
destruction by insect infestations and tree diseases is in the long run
fully as important a technical problem as that of protecting them
against destruction by fire. In attacking it the Bureaus of Ento-
mology and Plant Industry are contributing to the administrative
work on the Forests. The Bureau of Plant Industry has also done
very valuable work through studies conducted by its specialists in
order to learn how the forage crop may be increased through natural
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revegetation of areas depleted by overgrazing and through artificial
reseeding, how losses of stock from poisonous plants may be lessened,
and how the carrying power of the range and the condition of the
stock grazed may be improved through modifications of the methods
of handling the stock. The Bureau of Animal Industry also has,
in cooperation with the Forest Service, materially assisted the work
of range management by checking the spread of contagious stock
diseases.
FIRE PROTECTION.

In my report of last year I gave an account of the disastrous fires
which took place in the summer and early fall of 1910, and discussed
the means of fire protection. The final figures of losses and total area
burned do not vary materially from the provisional estimates which
I then gave. The fires of the calendar year 1910 covered more than
8,000,000 acres of Government timberland and 800,000 acres of private
timberland within the National Forest boundaries, and inflicted dam-
ages to National Forest timber, including young growth, estimated at
a little less than $25,000,000. The loss in timber destroyed or dam-
aged was slightly over 6,500,000,000 board feet. In a single season
the losses exceeded the total of all former years since Government
protection of the Forests began. Compared with the calendar year
1909, the estimated money loss in 1910 was in the ratio of more than
50 to 1. In fighting the fires special expenditures were incurred
totaling over $1,000,000, besides the cost in time of the regular pro-
tective force.

I pointed out a year ago that these extraordinary losses were due
to unprecedentedly unfavorable weather conditions, and were, con-
sidering all the circumstances, unpreventable; but I also pointed
oul that they were not beyond the possibility of prevention, given
the time and the means for building up a thoroughly organized pro-
tective system. Even the terrific fires of 1910 would, beyond any
question at all, have inflicted enormously greater losses upon private
as well as public property, and very likely much heavier losses of
life, had it not been for the protective work of the Forest Service.
The experience of the season of 1911 has shown that the fires of 1910
were not without their benefits. They furnished an invaluable test,
under an ordeal of the utmost severity, of fire-fighting methods and
needs, and also stimulated the men of the Forest Service to strain
every effort in a determined attempt to prepare for the occurrence
of similar conditions. By nearly doubling the appropriation for
permanent improvements, Congress made available funds which
were greatly needed for extending and supplementing the trail and
telephone systems and for equipping lookout stations. Plans framed
with a view to meeting all possible contingencies, and for coordinat-
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ing all activities on the Forests in connection with the fire-protection
plans, were worked out in detail during the winter. At the opening
of the new fire season a notable advance had been made in the de-
velopment of a more highly organized and, for the means available,
efficient protective system.

The results which have been obtained are a striking evidence of the
value of the preparations made. Final figures can not yet be given,
but it is certain that a record has been established that surpasses any-
thing previously achieved. While in most National Forest regions
relatively favorable weather conditions prevailed, in Washington
and Oregon the season was even worse than that of 1910; but the
careful preparation, in the light of previous experience, made it
possible both to discover fires in their incipiency and to concentrate
quickly upon them a capable fire-fighting force. When the regular
Forest force was insufficient to handle fires, arrangements made be-
forehand with settlers, lumber companies, mine operators, construc-
tion parties, and others enabled picked men to be quickly summoned.
Plans for provisioning and equipping with tools fire-fighting forces
and for transporting supplies and equipments from available bases
to the men on the fire line were carefully worked out. In short, the
object aimed at was that nothing should be left to chance or extem-
porized effort in the face of an emergency. The localities exposed
to greatest danger, either because of the existence of conditions cre-
ating a special risk of the outbreak of fires or because the damage,
should they gain headway, would be particularly severe, had been
ascertained and received special protection. Patrol of the Forests
was organized and distributed with a view to obtaining the largest
possible efficiency, and the construction of telephone lines and trails
was pushed where they were most needed. Lookout points and
watch towers, connected by telephone with the headquarters of each
Forest, were located in commanding positions and proved of invalu-
able assistance in the prompt discovery, precise location, and swift
reaching of fires. As a result of these careful preparations the fire
damage was greatly reduced. The fund of $1,000,000 made available
by Congress in case of extraordinary emergency was drawn upon
only to the extent of a few thousand dollars. In district 4 the
total extra charges incurred for fighting fires amounted to less
than $3,200; in 1911 the corresponding cost was $56,000. On the
only Forest in this district for which figures of loss this year have
reached me, 42 fires have occasioned an estimated loss of $30, where
in 1910, 17 fires occasioned a loss estimated at $151,500.

While the results of the past summer are gratifying, it must not
be assumed that the protective organization is yet able to cope suc-
cessfully with a repetition of the climatic conditions which occurred
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in 1910. The inadequacy of the system of communication is its great-
est weakness. There have been completed on the National Forests
the equivalent of 1.29 miles of trail and 1.04 miles of telephone line
to each township of 86 square miles. This means that if all the
trails were laid off on straight lines running parallel to each other,
without detours or cross connections, they would still be about 28
miles apart, while the telephone lines if similarly located would be
35 miles apart. Of course the system of communications built by the
Forest Service is supplemented by roads, trails, and telephone lines
which are the result of community and private enterprise; but the
fact remains that great parts of the National Forests are most indif-
ferently provided with improvements. Ten miles of trail and six
of telephone line in the average township represent the approximate
system needed for efficient protection. The construction of about
eight times the present mileage of telephone line is therefore necessary
to safeguard the National Forests adequately.

A remarkable development of public sentiment regarding forest
fires has taken place. In this field, also, the fires of 1910 proved a
great lesson. Belief on the part of a portion of the public that forest
fires are either inevitable or of little importance has been replaced by
a keen realization of the necessity for adopting safeguards against
them and for putting them out. One result of this awakened and
healthy sentiment has been more exacting demand for a high standard
of protection of the National Forests. Fires which would previously
have attracted little or no attention now receive wide newspaper
notice and comment. The gain along this line has been enormous.
It means, of course, public criticism if fires are not effectively con-
trolled ; nor is this a misfortune, for a public demand that a high
standard of administration shall be maintained is in itself a safe-
guard ; but it means also diminution of carelessness, better laws, and
more general efforts to combat forest fires everywhere.

The growth of sentiment is reflected in the increased desire on the
part of timberland owners, railroads, and business enterprises of all
kinds conducting operations on or near the Forests to cooperate with
the Forest Service in fire protection. The efforts of the railroads
which run through the Forests to reduce to a minimum the danger
of fires along their lines, through clearing their rights of way, pre-
venting the discharge of sparks and the dropping of live coals, and
cooperation in patrol of the lines and the reporting of all fires discov-
ered, deserve special mention, and the same is true of the increasing
desire of timberland owners to provide systematic protection of their
extensive holdings. Where these holdings are either adjacent to or
intermingled with National Forest land in such a way as to.make a
common system of protection advantageous to both parties, the For-
est Service and the associations have joined forces.
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There was cut on the National Forests during the year a total of
almost 500,000,000 board feet of timber, of which about 875,000,000
feet was sold and over 123,000,000 feet cut under free use. The
total value of the timber cut under sales was $843,000, a decrease of
$63,000 from the previous year. The contracts of sale entered into
during the year, however, disposed of over $2,000,000 worth of tim-
ber—an increase of 50 per cent over the corresponding amount for
the previous year. The average stumpage price obtained for the
timber sold was $2.56, as against $2.44 in 1910.

It is estimated that the annual cut which might be obtained from
the National Forests without diminishing the available supply (since
the increase by growth would offset it) is over 3,250,000,000 feet, or
more than six times what was cut. The Forests are now a heavy
charge on the Government, and much of the timber is overmature.
A natural question is: Why are not the sales increased, at least to
the point at which the Forests will pay their way?

The answer is readily given. Since the panic of 1907 the lumber
market has been depressed. During the past year there has been
overproduction in the Northwest, where the heaviest stands of
National Forest timber are found. To obtain any great increase in
the receipts from timber sales last year I should have had to offer
the timber at a price far below its actual value. The public is now
amply supplied. Within a relatively few years the timber on the
National Forests will be in great demand to meet fast-growing neces-
sities and to help develop the West. I should be utterly disregardful
of my responsibility and duty to the public, which owns the timber,
if T were to permit large amounts to be needlessly sold on bargain-
day terms, and with the knowledge that instead of promoting the
conservation of our timber resources I am accelerating their waste.

Vigorous efforts to dispose of at least a considerable fraction of
the timber killed in last year’s fires culminated after the close of
the fiscal year in several large sales, aggregating about 290,000,000
feet. It is hoped to be able to sell perhaps 1,000,000,000 of the esti-
mated 6,000,000,000 feet of dead timber which formed the aftermath
of these fires; the remainder is too remote from present demands to
be lumbered. The effort to sell this timber did not consist merely
in making known the fact that it was for sale and offering it at a
low price. Almost before the fires had ceased to smoke preparations
had begun for cruising the timber in order that full data might be
available for prospective purchasers. By being able to tell interested
lumbermen what quantities of timber were obtainable on specific
logging units, what development of transportation facilities would
be required, and what logging methods could be employed, sales
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were facilitated. The same method is being extensively practiced
for sales of live timber. Reconnoissance parties are put in the field
to secure detailed timber estimates and make accurate maps, thus
obtaining data valuable both for devising a long-term plan of man-
agement and for making immediate sales; intensive reconnoissance
studies have now covered nearly 9,000,000 acres, of which nearly
4,000,000 acres were covered last year. Less intensive reconnoissance
has covered an additional 17,000,000 acres.

On the basis of the best information in hand, I fix each year a
maximum cut to be allowed during the year, usually for each Forest,
but sometimes for groups of Forests so situated that from the stand-
point of sustained yield they may be treated as a single unit without
jeopardizing the future supply of timber for local use. This maxi-
mum cut is prescribed in order to prevent overcutting—that is, the
removal of more timber than the current production through growth.
The maximum cut authorized from all Forests during 1911 was a
little less than 8,300,000,000 board feet. All sales are made with
primary consideration for developing the productive power of the
Forests through utilizing material whose removal will either be fol-
lowed by the establishment of a new crop or increase the growth
of the part of the stand left or both together. Merchantable dead
timber and overripe timber, which is declining in quantity and value
through decay, are being disposed of wherever a market is open.
Under the silvicultural methods which are being applied steady in-
crease in the rate of annual growth will be secured for many years.

Out of a total of 5,653 separate sales made during the year, 5,144
were for less than $100 worth of timber each, 897 for from $100 to
$1,000 worth, and only 89 for over $5,000 worth. These figures show
the extent to which the National Forests are drawn upon for the
supply of small local demands. It is evident, however, that, along
with continued use of the Forests for meeting local needs through
small sales, a wise public policy demands the making of sales to large
purchasers who will operate through a term of years, in Forests too
far removed from present markets to permit of utilization in the
near future without heavy investments of capital for means of trans-
portation to get the timber out. Prior to the year 1911 no contracts
were made for operations to cover a longer period than five years.
Last year, however, three sales were advertised on terms which con-
templated operations extending over from 7 to 10 years. It will be
my policy, as favorable opportunity offers, to sell a certain amount of
timber under longer-term contracts than have prevailed in the past,
but with provision for the readjustment of stumpage prices at regu-
lar intervals and with proper precautions against purchases made
with a view to reaping a speculative profit. Such sales will not only
make it possible to utilize timber now ripe for the ax and thereby to
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increase the productivity of the Forests, but will also make it possible
to advance with fair rapidity toward the point ‘at which a sufficient
income will be obtained to make the Forests self-supporting. The
marked increase in the volume of sales last year, previously noted, is
an indication of progress already making in this direction. On a
number of Forests on which demand for timber is active the receipts
from timber sales show even at the present time a net revenue over
the cost of administration.

REFORESTATION.

The problem of reforestation concerns both the establishment of
new growth after lumbering operations and the extension of the for-
est over denuded areas. In either case there is a choice of methods.
Reforestation may be accomplished, and is actually being accom-
plished on a very large scale, by making the forests themselves do the
work. It is also accomplished through artificial methods.

The most valuable tool, under present conditions, for renewing and
extending forest growth is fire protection. There are about 15,000,000
acres of denuded lands within the National Forests, the result of old
fires and unregulated grazing. 'To a large extent these areas are now
practically unproductive barrens, though some of them have a certain
value as inferior grazing lands. In addition, some 90,000 acres are
cut over annually under National Forest timber sales; and there is a
further area, large in the aggregate, of grass lands, much of which
will eventually be covered with growing timber. On all of the land
which is now being cut over the operations are planned with a view
to securing natural reforestation. It is estimated that an additional
150,000 acres of denuded land are being reoccupied by forest growth
through natural extension. In both cases the desired results depend
absolutely on keeping out fires, supplemented on a large part of the
areas involved by the control of grazing. In other words, over
250,000 acres are being reforested annually by creating conditions
favorable to natural reproduction.

It is probable that half the denuded lands, amounting to about
17,500,000 acres, will eventually be reconquered by theforest with-
out the employment of other agencies than the control of fires and
the regulation of use.” At the estimated present rate of forest ex-
tension it will take about 50 years to complete the process. Arti-
ficial reforestation must be employed on the other half, and will
doubtless also be employed to some extent, as the need for timber
supplies grows more pressing, to hasten the process of natural forest
extension. It may also be called for as the best means of reestab-
lishing the forest after lumbering on certain classes of cut-over

lands.
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The object sought in reforestation is not only the production
of timber for cutting, but also the improvement of stream-flow
conditions.

The work of the year in artificial reforestation included both
seed sowing and tree planting. The seed sowing was applied on a
little more- than 23,000 acres under a variety of methods. The tree
planting was applied on 2,000 acres with the use of nursery stock
grown in nurseries on the National Forests. Aside from the stock
furnished without charge to settlers in western Nebraska under the
Kincaid Act, the annual product of these nurseries will within
three years be sufficient, after providing for losses incident to the
various stages in the development of hardy seedlings, to plant 8,000
acres annually.

On most of the National Forest areas which are in the greatest
need of artificial reforestation the work is exceptionally difficult.
Where the natural conditions are favorable, the Forests tend to re-
store themselves. Success in establishing a new forest growth under
semiarid conditions depends on the discovery of methods based on
careful experiment, and even so must always involve a certain ele-
ment of luck, due to the vicissitudes of seasonal variations. In a
certain sense, almost all of the work hitherto done is to be regarded
as experimental ; that is, it is the process of working out commercial
methods rather than the application of methods which have been
reduced to a strictly business basis. The practical expediency of
reforesting any area as a wise business policy could be decided
only by balancing the probable cost against the probable benefits;
this would require a reasonably accurate estimate of the cost. The
object of the work which has been actually undertaken has been
rather to find out what the cost will be and to test the relative cost
and success of different methods. Considered as a business opera-
tion, the average cost has been high and the variation in cost has
been extreme. The practical value of the work lies in this very fact,
for results are being secured in the light of which future operations
may be directed along the best and most economical lines.

In regions where the conditions are relatively favorable, as on
the west slopes of the Rocky Mountain and Cascade Ranges in the
Northwest, the results obtained justify operations upon a larger
scale than in the past, although there is still need for intensive work
with investigation as its prime purpose. From the standpoint of
obtaining a maximum return from the expenditure involved much
further study is needed. Nevertheless, the knowledge already ob-
tained justifies making a considerable start upon the actual work of
reforesting portions of the great area of denuded lands. As suffi-
ciently conclusive experimental results are secured the work will
be extended into new regions.
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One field in particular calls for early action. The watersheds of
certain streams used for municipal supplies or for irrigation are
in urgent need of improvement by the establishing of a forest cover
at the earliest possible time. While it would be improper to expend
large sums in attempting reforestation, even on such watersheds,
before methods known to be successful have been worked out, imme-
diate attention can be given to the betterment of a number of im-
portant municipal and irrigation water supplies. This work has
already been entered upon.

The cost of the seed, nursery stock, equipment, and labor required
to reforest the 25,000 acres covered last year was about $134,000. The
Forest Service is now prepared to reforest 30,000 acres annually,
without asking any increase of its total appropriation. To divert
from other lines, which are essential for proper protection of the
Forests, and for enabling the public to use them, funds which would
provide for a greater extension of the work of reforestation would,
in my judgment, not be justifiable under present conditions.

Certain important facts have been discovered concerning the rela-
tive merits of different methods. The success of direct seeding in
all regions in which the supply of soil moisture is not fairly good
must be regarded as at the best problematic, but reasonably good
results have been obtained in planting nursery stock in some of
the drier regions. The use of European seed appears inadvisable,
though it can be bought at a lower cost than that involved in col-
lecting western seed. About 53,000 pounds of coniferous seed was
collected by the Forest Service, at an average cost of $1.24 per pound,
while about 27,000 pounds was bought at an average cost of 78 cents
per pound. Devices have been developed for extracting and cleaning
seed by machinery at extracting plants located at central points, to
which the cones can be sent. The cost of collecting seed has been
found to vary widely, depending principally upon the abundance of
the seed ¢rop, and it will be the policy in future to gather large quan-
tities of seed in years when the crop is abundant, spending much
of the money available for reforestation in such years in obtaining
seed for use in following years. As a result of the study of the
effects of storage it is now certain that seed can be carried over from
one season to another with slight loss of fertility. The problem of
“preventing the failure of seeding operations through the work of
rodents, studied with the aid of the Bureau of Biological Survey,
gives promise of successful solution. Broadcast seeding on unpre-
pared ground, though altogether the cheapest method from the stand-
point of labor cost, has been found to be in the long run the most
expensive and the least satisfactory method, both because of the
relatively large amount of seed required and because the seed seldom

20139°—vBK 1911——7
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finds the conditions required for germination and the establishment
of the young plant. As a rule sowing in the fall has been found
better than winter or spring sowing, since it secures earlier and, with
many species, much more uniform and complete germination. In
some localities, however, the contrary is true. The average cost of
seeding in the larger administrative units varied from $2.35 to $6.95
per acre. Marked progress was made in reducing the cost of nursery-
grown stock, and it is believed that 2-year-old seedlings can soon
be produced for not over $1 per thousand plants and 2-year-old trans-
plants for not over $2 per thousand. One-year-old seedlings were
grown in Washington at 37} cents per thousand, exclusive of the
cost of equipment, but a large part of the stock used in planting
during the year cost from $8 to $12 per thousand. The experimental
work was exceedingly varied, including many kinds of hardwoods
and the widest range of localities, conditions, and methods.

GRAZING ON THE NATIONAL FORESTS.

Both the number of animals grazed on the National Forests and
the receipts from grazing were less in the fiscal year 1911 than in
1910; the paid grazing permits issued covered about 1,352,000 cattle,
92,000 horses, 4,500 hogs, 7,372,000 sheep, and 78,000 goats. The
amount received from grazing was $935,490.38, which is $51,419 less
than last year.

The falling off in the total number of stock grazed was due not
only to the reduction in the amount of the range available through
eliminations of land from the Forests, but also to general conditions
affecting the stock industry. The grazing season of the calendar year
1910 was one of abnormal scarcity of feed and water because of the
prolonged drought. The forage crop was estimated at from 25 to 33
per cent below normal, and matured very early. Nevertheless, the
stock grazed on the National Forests passed through the season with-
out severe losses and left the Forest ranges in better condition than
had generally been expected. High market prices for cattle, how-
ever, combined with scarcity of feed on the winter ranges and of
hay, together with the belief among sheep owners that the immediate
outlook for their industry was not favorable, caused large reductions
in the number of stock carried through the winter. In consequence
the demand for range for the season of 1911 was decidedly less than
the year previously.

The capacity of the range for the grazing season of 1911 was,
except for the effect of the eliminations made from the Forests, above
that of previous years. Favorable weather conditions resulted in an
exceptionally heavy production of forage. The two unfavorable
preceding years had put the range to a severe test, but the effects of
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the regulation of grazing in order to prevent impairment of produc-
tive power, and of the development work which has increased the
area of available range and the supplies of water for stock, had
borne good fruit. On seven Forests considerable reductions in the
number of stock which it was considered advisable to admit had
been decided upon; but the increases made on other Forests more
than offset these reductions, so that had it not been for the decreased
demand for the grazing privilege due to general conditions affecting
the stock industry, and the elimination of large areas having a high
grazing value, the grazing use of the Forests during the year would
have exceeded that of 1910.

It is also to be noted that, both in the case of cattle and horses and
in that of sheep and goats, the number of permits issued to small
owners was greater than in 1910. The total number of permits
issued in 1911 was 25,604, as against 25,687 in 1910; but the number
of cattle and horse permits for less than 40 head, and the number of
sheep and goat permits for less than 2,500 head, showed an increase.

There has been a tendency on the part of some of the associations
of stockmen formed to cooperate with the Forest Service in the ad-
justment of use of the range to become disorganized because the im-
mediate grazing problems have been worked out to so satisfactory a
conclusion that there seems little to hold the associations together.
While it is a cause for gratification that the relations of the Forest
Service with the stockmen have become so satisfactory, the oppor-
tunities for helpfulness to the stock industry in developing better
methods of range utilization are such that continued cooperative
work is highly desirable, and it is to be hoped that the associations of
stockmen will be maintained to further this work. The number of
associations now cooperating with the Forest Service is 68.

As a result of the work of the Bureau of Animal Industry in co-
operation with the Forest Service, all but three of the National For-
ests are free from communicable diseases of live stock. Protective
measures were necessary to prevent the spread of scabies, lip-and-leg
disease, and Texas fever. About 8,000 predatory animals were de-
stroyed by employees of the Forest Service during the year. The
number of most kinds of animals killed was less than in 1910, indi-
cating that the work of past years has had its effect in reducing the
number of animals which infest the National Forest and adjacent
ranges; of grown wolves, however, there were killed 25 per cent
more than in 1910. The work of freeing the ranges from prairie
dogs was carried on by the Forest Service for a part of the year and
then taken over by the Biological Survey; on the areas which have
been treated the infestation has been greatly reduced. The losses of
live stock from poisonous plants were reduced to a negligible point.
The Bureau of Plant Industry rendered indispensable assistance in
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this work, as also in the study of the very important technical ques-
tions involved in the effort to improve the condition of depleted
portions of the range.

A work of great importance to the development of use of the
range to its highest point was inaugurated in the form of plans for
technical reconnoissance on all the National Forests suitable for
grazing use, with the object of gathering exact data on all matters
which affect range management and the production of the forage
crop. This work will ascertain the character of all land within the
Forests, the kind of stock to which each natural grazing unit is best
adapted, the natural periods of use, the undergrazed, fully grazed,
and overgrazed ranges, and localities in which poisonous plants and
range-destroying rodents are found.

Striking results were obtained in an experimental test of a sys-
tem of inclosures for lambing pastures, designed to decrease losses
and lessen injury to the range, and in continuation of the coyote-
proof pasture experiment.

APPALACHIAN WORK.

The act of March 1, 1911, commonly known as the Weeks Act,
made available for examining and purchasing forest lands in the
White Mountains and Southern Appalachians before the close of
the fiscal year 1911 the sum of $2,000,000. By the provisions of
this act I was authorized and directed to examine, locate, and rec-
ommend for purchase lands in my judgment necéssary to the regula-
tion of navigable streams. Approval of all purchases was vested in
a commission of seven, created by the act; but purchases were to
be made only after field examinations by the Geological Survey had
established that control of the lands would promote or protect the
navigation of streams. It was provided that I should serve upon
the commission, and should purchase, in the name of the United
States, lands which the commission had passed upon favorably.

Immediately upon the passage of the act I instructed the Forester
to organize and press forward the work of land examination. Field
information previously gathered made it possible to select at once a
number of specific ateas within which the purchase of lands was
desirable. Proposals for the sale of lands within these areas were
invited on March 27. At the close of the fiscal year, on June 30, pro-
posals covering over 1,250,000 acres had been received, over 170,000
acres had been examined, and the purchase of 31,377 acres had been
authorized. The fiscal year 1912 opened with 35 examiners at work,
and with every indication that during the year land enough will
have been covered to afford a basis for recommendations of purchase
up to the limit of the $2,000,000 appropriation made available by
the law.
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INVESTIGATIONS.

Much of the investigative work of the Forest Service has already
been touched upon in describing the administrative work, particu-
larly as regards the study of problems which relate to forest manage-
ment (including reforestation) and range management on the
National Forests. The timber and range reconnoissances which are
being carried forward on an extensive scale are investigations to
obtain data indispensable for the intelligent utilization and conserva-
tion of the productive power of the Forests. Besides the studies
of methods of direct seeding, nursery practice, and field planting,
which have formed a large part of the reforestation work, the sub-
jects of seed production, seed fertility, methods of storage, and
heredity of desirable and undesirable qualities have been under in-
vestigation, as well as that of the effect upon reproduction of differ-
ent methods of disposing of slash, and of different methods of graz-
ing control. At the three forest experiment stations which have been
established in Colorado and Arizona, careful studies of forest in-
fluences, including the effects of forests upon stream flow, and of cli-
matic requirements of different forest types have been conducted.
Research work in forestry is just as essential to securing the best use
of our forest lands as is research work in other branches of scientific
agriculture to the best use of our farm lands. Unless this work is
prosecuted vigorously and along many lines, progress in developing
better methods of handling the Forests will be severely handicapped.
It has been necessary, however, to reduce the investigative work to a
minimum during the year in order to provide for the immediately
pressing necessities of protection and use. The present appropria-
tion ccmpels curtailment of activities along all other lines in the effort
to keep fires down and transact current business. That is, to a certain
extent, a sacrifice of future to present welfare is a fact which must be
frankly recognized.

Forest investigations are also conducted in the interest of iraproved
use of the forest resources of the country which are in private owner-
ship and to aid the various States in inaugurating and developing
wise forest policies. Iorest studies conducted with these ends in
view were continued in all parts of the country. Effort was espe-
cially directed toward the promotion of practical forestry among
farmers, who own in the aggregate so considerable a part of our
timber-growing land. From the fact that the farmer’s woodlot
constitutes a permanent holding, drawn upon steadily for wood sup-
plies, the practice of forestry can probably be more easily introduced
on the woodlot than on the large holdings of lumbermen, whose
operations are seldom planned with a view to holding the land per-
manently for forest purposes.
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A very important part of the investigative work is that which
relates to the study of forest products. The major part of this work
is conducted in the Forest Products Laboratory at Madison, Wis.
It includes studies in the physical properties of wood, the drying of
wood, strength tests, wood preservation, wood distillation, the pro-
duction of wood pulp and paper and of naval stores, and wood
utilization. Many of these studies are highly technical, but all are
thoroughly practical in their aim. The facilities for scientific re-
search in the field of forest products are now adequate, and the work
is well organized and conducted by a corps of trained specialists.
Results are being attained which mean a lessened drain upon our
forest supplies through more economical use of material, the opening
of new sources of supply for various industries, the utilization of
every kind of wood for the purpose to which its intrinsic qualities
best adapt it, a greater incentive to the practice of forestry because
of the increased returns made possible, better adjustment of wood-
using industries to meet the conditions created by past use without
forethought, and a general clarifying of the situation with respect
to our forest resources and requirements through accurate knowledge
of what these requirements are and what is available to fill them.

BUREAU OF SOILS.
SOIL SURVEY.

Soil surveys were carried on in 60 areas distributed through 21
States, and a total area of 95,420 square miles was mapped. Of this
area, 25,096 square miles were mapped in detail and 70,324 square
miles were mapped in the broader, more general way, which we
designate as reconnoissance mapping.

The demand for surveys continues to run far ahead of our ability
to do the work. An increasing interest in the work is being mani-
fested by agricultural colleges and experiment stations. They are
beginning to use the results of the work as a basis for their experi-
ments as well as their demonstration and extension work. The lack
of such a demand in the past has been due to a recognition of the
futility of the demand if it were made. Soil surveys had not, until
very recently, covered an area in any State sufficiently large to enable
investigators to draw any general conclusions from them or to base
on them any comprehensive scheme of investigations. This is no
longer the case. In a few States as much as half the area has been
mapped, and in many others from a fourth to a third has been
covered. Owing to the policy of the survey of distributing the work
rather uniformly over the whole area of the various States, even the
mapping of a fourth of the total area will enable an investigator or
a student of the maps to arrive at a close approximation to the dis-
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tribution over the State of the main soil areas, such as the soil
series, at least.

Until considerable areas had been covered wholly or in such a way
that approximate conclusions could be drawn as to the conditions
in such areas, our results could not come into general use. Not
only could they not be used for the reasons stated above, but they
were not even well known; not enough had been done to attract
attention. A certain amount of passive or active opposition, due
in many cases merely to lack of familiarity with such work, its
methods, nomenclature, and results, manifested itself during the
early years of the bureau’s activity. The time has come when the
work is forcing its way to recognition by its quantity, even if it be
not by its quality. The mere mass of the work already accomplished
is making it evident that it has already gone so far that to recede is
impossible. It is evident also that the general plan of the work can
not be profoundly changed, thereby causing those whose objections
to the work were based on its methods and its system of expressing
its results to realize that such objections must now be futile. There
is no such thing as an absolutely right way to do work of this char-
acter. There are various methods and various points of view. One
method or systein must be adopted and one point of view must be
maintained if the results are to have any consistency or any value.
it is not so important which system is adopted or what point of view
is maintained as it is to be consistent after some one system has been
adopted.

The work of the soil survey is no longer new and unfamiliar.
Because of increasing familiarity with it investigators find less occa-
sion to criticize it or ignore it. By many, if not most, of the broadest
men in the agricultural colleges and experiment stations of the coun-
try the necessity of a soil survey on which to base investigations is
admitted without question. That the idea will spread still further
can no longer admit of a doubt.

This increasing recognition and interest in soil survey work is
expressing itself in increasing requests for cooperation, made by State
organizations. We have been compelled to decline many such requests
solely because of lack of funds. Cooperation with a State organiza-
tion makes it necessary for us to do more work and spend, therefore,
more money in that State than might be done without cooperation.
In declining requests for cooperation, however, we have not changed
our opinion as to the value of cooperative work. Work done under
such conditions is considered to be often of a higher grade than that
done without cooperation. It brings together and harmonizes the
experience of two organizations, each, because of the conditions of its
existence, possessing knowledge that the other does not possess. It
- increases also the total amount of work done by the amount that the
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State men are able to do. It is very desirable that the Bureau of
Soils be placed in a condition enabling it to take up cooperative work
with all the States that desire it. This will avoid the inevitable con-
fusion that would result if the States should do the work alone and
according to any point of view they might have. The increasing
interest in the work is making it certain that the States will under-
take it alone if the bureau can not lend its aid in the matter. For the
sake of fullness, accuracy, and uniformity of results it is very im-
portant that the bureau should be placed in a position where it would
not be compelled to decline requests for cooperation.

Another condition arising from the increased interest and recog-
nition of the work of the soil survey is the necessity for greater
accuracy, not only of mapping, but of definition and correlation.
This necessitates more careful supervision of the field work, more
comprehensive study of soil relations, and more careful criticism of
reports and maps by the scientific staff of the survey. During the
past year more time has been spent in this part of the work than has
ever been spent in this way before. The results have fully justified
the money and effort expended. Rigid supervision is absolutely nec-
essary if uniformity of results is to be attained. The increased super-
vision has not, however, sensibly increased the cost, per square mile,
of the work. The membership of the supervising staff has not been
increased, in fact there has been a slight decrease, but the better
results are being brought about by greater care in the work and better
methods. Revolutionary or striking results have not been attained
and are not expected in the future. Soil survey work is fundamental
in its nature. In the very nature of the case it can not be spectacular,
The soil survey is an institution devoted to the accumulation of a
well-defined group of facts. The knowledge thus gained has a scien-
tific as well as a practical value. The practical knowledge can be
applied in many cases at once and valuable economic and social results
arise from it. This is the value that is usually emphasized—to be
able to direct agricultural progress along proper lines, to point ouf
natural adaptabilities of soil, to suggest improved methods of cultiva-
tion based on a knowledge of the soil to be cultivated, merely to
attract the cultivator’s attention to the soil as something well worth
his careful study ; these are some of the possibilities and actualities of
the soil survey. The fact, however, that its results have a practical
value of this kind makes them no less valuable as facts of science.

A careful survey of the natural resources of a state or a nation is
essential to the inauguration of a systematic plan for utilizing or
developing them. This has long been recognized in theory, but has
been strangely limited in its application. Geological surveys were
inaugurated by many States more than half a century ago and by the
Nation many years ago. Forest surveys also were begun in a very -
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general way by some of the States many years ago. A survey of the
soils of any part of the country, however, seems not to have been
seriously thought of until little more than a decade ago, yet the
natural resources of the soil are of more importance to the welfare
of mankind than all other natural resources combined.

SOIL-FERTILITY INVESTIGATIONS.

The work on the problems connected with the fertility of soils
has opened up avenues of profitable investigation and already fore-
casted results of great economic importance. The investigations have
been made on soil from various parts of the United States, com-
prising a number of important soil problems. During the year' these
researches have led to the discovery of organic soil constituents de-
cidedly beneficial to growing crops. These are organic nitrogen com-
pounds, and it has been demonstrated that they exist in organic
fertilizers, in green manures, and in soils; that they are directly
beneficial to crops, and that they are able to replace nitrates in aiding
plant growth. The facts demonstrated by these investigations are
of fundamental significance in soil fertility, and the recognition of
these directly beneficial soil constituents is no less important than
the recognition that harmful soil constituents exist.

The effect of harmful soil constituents and their distribution in
the soils of the United States has been further investigated. The
presence of one of these harmful constituents has been definitely
associated with poor yield on many soils from all parts of the United
States from Maine to Texas and Oregon. The compound is therefore
of common occurrence and is likely to be encountered in soils where
unfavorable conditions exist which tend to form and accumulate
this constituent.

The nature of soil humus has been further investigated and a con-
siderable number of new constituents determined, among them or-
ganic compounds containing nitrogen and phosphorus. The nitrogen
and phosphorus are frequently tied up in the soil in very resistant
forms' in complex compounds which have been isolated. To be
utilizable by plants this complex must be broken up, and this phase
of the question has already been studied with considerable success.
The chief aim in the agricultural use of nitrogen is to convert this
into nitrates by chemical and biological means, an operation which
is far from simple. The present researches are very suggestive of
the fact that for agricultural purposes it may not be necessary to
convert all nitrogen into nitrates, but that nitrogen of waste nitrog-
enous materials in the industries can be converted into compounds
of the nature of the beneficial soil constituents discovered in this
work, and so make available to agriculture much nitrogen now lost
because of the difficulty of converting it into nitrates.
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FERTILIZER RESOURCES.

The management of the soil for the efficient and economic pro-
duction of crops is the fundamental problem of agriculture. In
general, three instrumentalities are available, namely, tillage, crop
rotation, and fertilizers. And the history of the world shows that
as the civilization of a region advances intensive methods of cultiva-
tion replace the extensive methods of the pioneer, and all three in-
strumentalities must be employed that the land may be brought to
and maintained at a high productivity.

Tillage and crop rotation problems are very largely within the
personal control of the farmer himself. Fertilizers, however, in-
volve contact with outside commercial and manufacturing interests,
so that they invite the special aid of the Government. Two great
problems are presented, (1) to find sources of fertilizer materials,
and point out methods and agencies for the preparation of the mate-
rial to the use of the farmer, and (2) to bring the people to a realiza-
tion of the value of properly used fertilizers. To both of these
problems this department is addressing itself assiduously. To further
the efforts of the department, especially in meeting the demands of
the first problem, Congress at its last regular session made a special
appropriation, directing that the Bureau of Soils should explore and
investigate natural sources of fertilizer materials. Although less than
half the fiscal year has expired since this appropriation became avail-
able, the results accomplished are of a character to justify special
comment at this time.

Phosphatic fertilizers have been studied, the areas of productive
rock at present and prospectively available have been noted, and
valuable information has been gathered regarding improvements in
methods of saving waste at the mine and in the manufacture and
distribution or sale of product. It seems that new occurrences of
natural deposits of phosphates are being continually reported and
that the amount of such material now known to exist in this country
is so vast as to dissipate any fears as to our natural resources in this
regard. At the same time, for many reasons, improvements in meth-
ods of mining and utilizing this great resource are imperatively
demanded in the people’s interest, and we have called attention to
these matters in appropriate publications from this department.

Among the various sources of nitrogen fertilizers, possible depos-
its of nitrates in the arid and semiarid areas of the country have
long held a prominent place in the scientific and popular mind. Our
people have observed and studied some deposits of this character.
Generally, however, these deposits are either too small in amount to
justify commercial exploitation or they are inaccessible to transpor-
tation or available water for working them, or are otherwise of
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doubtful economic importance. There is no available experience in
this country to guide our people in working such deposits, the con-
ditions surrounding them being essentially different from those in
other countries.

Whether or not natural deposits of nitrates can be commercially
exploited is yet an open question, but it is a distinct advance to know
that such deposits exist. Various other sources of nitrogenous fer-
tilizers have also been investigated, and it is especially worth noting
that there is a well-defined tendency in our main coking regions to
introduce modern ovens and make available large quantities of am-
monia, which have generally been discarded until very recently.

Especial interest attaches to the work on potash fertilizers, because
commercial sources of potash have been unknown in this country, the
world’s supply in fact coming from the Stassfurt deposits in Ger-
many. The advantage of having a domestic source is so obvious as
to require no comment. Possible sources of potash are by no means
few. Much potash can be recovered from the immense accumulations
of sawdust in our lumbering regions, from the vinasses in our sugar
mills, from wool washings, etc. Possible sources of potash include
also the bitterns or mother liquors from our salt workings. These
are now under investigation. Segregated deposits of potash salts
may lie under our known salt deposits, or below: the present surface
in desiccated sea or lake beds. This is now being investigated. The
desert basins are being explored by our agents for surface deposits
of potash, as well as nitrates.

The utilization of natural potash-bearing silicates has long at-
tracted investigators and inventors. Vast deposits of potash feld-
spars, glauconite, leucite, and other suitable minerals exist in this
country, and our laboratories as well as private parties are now
actively at work on methods for extracting the potash. The extrac-
tion of potash in various ways is perfectly feasible in the laboratory.
But the energy required to break down the chemical combinations
and extract the potassium is so large as to make its production in-
hibitive at the present time. Extremely cheap power or the inci-
dental production of valuable by-products might possibly make the
potash silicates commercially available.

There is, however, one mineral which occurs in large quantities
and which offers some hope of becoming a commercial source of
potash. This is the basic alumino-potassic sulphate known as
alunite. From it potash alum (known commercially as Roman
alum) has long been made in Europe. Our people have shown that
potash can be readily obtained from the mineral, and, by special
devices which they are studying, probably other by-products can be
obtained which will greatly cheapen the cost of the potash.
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The most promising source of potash at present is found in the
large areas of kelp groves or sea alge lying along the Pacific coast,
growing wherever there is a rocky bottom and a rapid tideway, or
beyond the surf line, at depths of from 6 to 10 fathoms. These groves
are of various areas from beds of a fraction of an acre to stretches 5
miles in length and 2 or more miles in width. During the past sum-
mer our people have mapped about 100 square miles of kelp groves
in different localities from Puget Sound to Point Loma and have
studied the character of the alge as well as the conditions necessary
to their utilization commercially and to their maintenance as a per-
manent resource of the country. Many more areas yet remain to be
studied and mapped, but from what has been accomplished in this
preliminary work I am assured that a conservative estimate shows
that the kelp which could be gathered from the 100 square miles
already surveyed, and without detriment to the permanence of the
groves, should yield 1,000,000 tons of chloride of potash annually,
worth at least $35,000,000, or about thrice the value of the present
importations of potash salts from Germany.

Satisfactory methods of gathering the kelp are yet to be worked
out, but present only minor mechanical difficulties. The value of
the kelp is, moreover, probably much greater than represented by the
content of potash alone. Our laboratories have shown that iodine
and other useful products can be obtained which will pay in large
measure, if not fully, for the cost of gathering the kelp and abstract-
ing the potash salts.

Enough has been accomplished to show that this country has within
its own borders resources to meet the fertilizer requirements of the
present, and for a greatly increased use in the coming years. The
saving to our people which can reasonably be expected from these
investigations is enormously greater than the cost. These investiga-
tions are, however, but little more than begun, although begun very
well. That they should be liberally supported and actively prose-
cuted can admit of no possible argument. KEconomic independence
of outside nations with large financial gain to the public at the same
time is a desideratum justifying the utmost effort of our scientific
investigators and strong sympathy and aid from the people’s
representatives.

BUREAU OF ENTOMOLOGY.

The work of the Bureau of Entomology covers the whole field of
the economic aspect of the work of insects, whether they are injuri-
ous to agriculture or horticulture or to domestic animals or man,
or whether they are beneficial in one way or another. Only a few
of the numerous investigations carried on under this bureau can be
mentioned here.
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WORK ON THE GIPSY MOTH AND THE BROWN-TAIL MOTH.

The general conditions in that portion of the country originally
invaded by the gipsy moth, that is to say, eastern Massachusetts,
have been better during the past year than for many previous years.
This has been due in part to weather conditions, to the prevalence
of the wilt disease, to the gradual increase of parasites imported
from abroad, and to the cumulative effect of the excellent work done
along roadsides by the Bureau of Entomology, in certain forests
by the State of Massachusetts, and in the different towns under
municipal and State control. The conditions in New Hampshire,
however, are much worse than in Massachusetts. Many towns in the
southeastern part of the State are seriously infested, and the insect
occurs in 125 towns in all. In several of the northern towns the
pest has apparently been exterminated. In Maine there has been a
further spread, and a new colony has been found in Rhode Island.
The brown-tail moth has established itself in the northeastern part
of Connecticut.

The increase and spread of the imported parasites and natural
enemies of both the gipsy moth and the brown-tail moth has been
gratifying, and several species have been brought in during the past
year in large numbers which the Bureau of Entomology had not
previously been able to secure. During the summer an imported
Japanese egg parasite, which had previously been thought to have
died out, was recovered in considerable numbers. An appreciable
effect upon the numbers of the gipsy moth as the result of parasitic
work is beginning to be noticed.

New studies have been begun of the feeding habits of the newly
hatched caterpillars of the gipsy moth, and already it seems that it
will probably be possible to control the gipsy moth in forested areas
by a certain variation in forest management dependent upon the
feeding habits of the young caterpillars. This means that the for-
ests of New England, and later other portions of the country, are
not doomed, and that a good stand of timber can be maintained
even should the pest increase beyond the ultimate control of the
parasites, and this in itself is most unlikely. It appears, in fact,
that the number of species of forest trees upon which the young
gipsy moth larve can feed and maintain themselves until they reach
~ a considerable size is very limited.

THE ALFALFA WEEVIL.

The situation regarding the alfalfa weevil, an insect obviously
imported from Europe, and which became established in the vicinity
of Salt Lake City, Utah, is continuing to become more serious and
alarming. The last Congress made immediately available $10,000
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for an investigation of the pest. Experts of the Bureau of Ento-
mology, working in cooperation with the Utah Agricultural Experi-
ment Station, have traced the spread of the insect from Salt Lake
City south to Springville and north to Ogden, west to beyond
Tooele and east to Wyoming. Judging from what has been observed
between Salt Lake City and Ogden, and between Ogden and Brig-
ham, the uniform normal spread of the pest is about 30 miles a year,
though circumstances may greatly change this. Many experiments
have been carried out with mechanical devices for destroying the
pest in infested alfalfa fields and thereby protecting the second and
third crops. An investigation was made of the parasites of this
weevil in Ttaly, and during March and April last large lots of the
stems of alfalfa containing eggs parasitized by a minute parasite
were sent to Salt Lake City, arriving there in good condition and
the parasites emerging in numbers. Three other parasites were sent
over later, and an attempt is now being made by agents of the bureau
to establish them in the Utah alfalfa fields.

WORK IN THE ORANGE AND LEMON GROVES OF CALIFORNIA AND FLORIDA.

In my last report I mentioned the completion of the study of the
problem of hydrocyanic-acid gas fumigation in California, directed
against certain scale insects on citrus trees, and stated that the care-
ful experimental work carried on had resulted in a great reduction
in the cost of fumigating, since one treatment under the new meth-
ods was as lasting in its effects as three or four distinct treatments
under old commercial methods. Observations during the past year
have shown that this was an underestimate, and that an orchard
once fumigated will remain clean for three years before it is neces-
sary to repeat the operation. Thus the cost of keeping an orchard
free from scale is now only one-sixth of what it used to be in the
days of commercial and unscientific treatment.

The work in Florida against the white fly havmg demonstrated
that in most cases the gas treatment is too expensive, attention has
been directed to the determination of the most practical and effective
spray application. Tests have been made on a large scale, often
over entire orchards, with a variety of insecticides, and it now seems
rather well demonstrated that spraying will, under Florida condi-
tions, be more generally adopted in the future than control by fumi-
gation. The expert who was sent abroad in a search for the original
home of the white fly, and with the idea of importing from this
locality, when found, parasites or natural enemies which could be
established in the Florida orange groves, has been successful in at
least a part of his mission. In November, 1910, he found the white
fly at Seharunpur, India, under conditions that appear to indicate
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that th: white fly is indigenous to that part of the world. He has
found that it is attacked by two species of ladybird beetles, and he
has also found an internal parasite. A large part of the present
year has been devoted to the effort to secure the parasites in suffi-
cient numbers and in proper condition to permit sending them suc-
cessfully to this country. He has established the white fly on small
growing trees, and has secured living specimens of the parasite breed-
ing in these white flies, and the trees themselves will be brought to
the United States in Wardian cases.

The investigation of the orange thrips, begun at Lindsay, Cal.,
has been extended to southern California, especially in the Riverside
district, where it seems to be causing considerable damage. Appli-
cation of a spray consisting of a lime-sulphur solution with a to-
bacco extract added is the best remedy so far found.

‘WORK AGAINST FOREST INSECTS.

Tt is significant of the practical nature of the methods of bark-
beetle control recommended by the Bureau of Entomology and of the
practical demonstrations that have been carried on that no com-
plaints of depredations have come to the bureau during the year
from the areas in Colorado and Montana where control work was
carried on in previous years according to the instructions of the
bureau. During the past year the work has been principally in the
way of practical demonstrations, as the result of the investigations
of previous years. As an example, in cooperation with private
owners in the vicinity of Columbia Falls, Mont., over 10,000 trees
were treated. Formerly 10,000 trees died each year, but as the result
of last year’s work only 2,000 required treatment this year within
an area of more than 100 square miles. This is undoubtedly the
direct result of the control work of last year, which cost nothing,
since the treated trees when utilized for fuel and lumber are worth
far more than the cost of treatment. Work done in cooperation with
the Interior Department on the Glacier National Park resulted in
the treatment of 1,295 trees in the vicinity of McDonald Lake, and
t{he present conditions indicate that the work has been successful in
arresting the spread of the damage.

Active control work was undertaken in northeastern Oregon in
the fall of 1910, and was completed June 30, 1911. This work was
done by the Bureau of Entomology, in cooperation with the Forest
Service, with private owners, and with the General Land Office of
the Department of the Interior. The preliminary reports indicate
that 27,158 trees were treated at a cost of $33,180 to the Forest
Service, and that 6,853 trees were treated at a cost of $2,806 to private
owners. More than 100 men were engaged in the work during May



112 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

and June. The results of this large control demonstration zan not
be known until the close of the present fiscal year, but it is believed
that they will prove to be successful, and that the demonstration of
methods and the training of men for control work will be of the
greatest value in the future.

It is estimated that the timber saved as the direct result of control
work in the Rocky Mountain region, under instructions from the
Bureau of Entomology or according to its recommendations, repre-
sents a stumpage value of $2,000,000.

INSPECTION WORK.

In my last report I called attention to the urgent need of the pas-
sage by Congress of a plant quarantine and inspection law, and
showed that the United States is the only great power without a law
to protect it from the introduction of plant diseases and insect pests.
Practically all of the European and other foreign. powers have such
laws, as have also Canada and the other important English colonies.
The United States has become a dumping ground for refuse stock,
much of which comes to this country to be sold by auctioneers under
the hammer. The better class of nursery stock is also often infested
with insect pests or diseases which could be detected by proper
inspection. More than half of the important insect pests of the fruit
and farm products of this country were originally brought in on
imported nursery stock,and these now occasion an annual tax of sev-
eral hundred millions of dollars. The San Jose scale, the cotton boll
weevil, the gipsy moth, and the brown-tail moth are-instances of
accidental importations, and the alfalfa weevil mentioned in a pre-
vious paragraph is another. Since my last report infested stock hgs
been constantly coming in. The Bureau of Entomology has been
notified by the customhouses and by the railroads when plants are
received, and such arrangements as could be made for inspection at
points of destination have been carried out. In most of the States
there are efficient inspection laws and efficient inspectors. To exem-
plify the danger of the present condition of affairs, during the past
year a careful inspection of the importations by the Department of
Agriculture showed that more than 20 different pests had been
brought to Washington from foreign countries on plants. Of course
these were intercepted and destroyed, but the presence of 20 new
pests whose capacities for crop destruction were undoubtedly very
great affords the strongest possible argument for the passage of a
National plant quarantine and inspection law. On three different oc-
casions during the past year the gipsy moth has come in on imported
stock consigned to different localities in the country.
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OTHER WORK.

Other important operations carried on by the bureau during the
year may be briefly mentioned. The work against the cotton boll
weevil has been continued. The weevil extended its range during the
year into the State of Alabama. On the other hand, it was entirely
absent from certain regions in northern Texas, where it was present
last year. It also did no noticeable damage in Oklahoma. Studies of
the parasites of the weevil were continued, and Texas parasites were
introduced at two points in Louisiana. The work on tobacco insects
was also continued. A notable discovery was made with regard to
the so-called tobacco wireworm which indicates that it can be con-
trolled by cultural means. It feeds naturally upon certain weeds
and these weeds are eliminated by rotation of crops. In the
study of sugar-cane insects new points of importance were as-
certained. The Argentine ant and the cotton red spider work was
continued. Demonstration work in the deciduous fruit regions in
California, with remedies for the pear thrips, was carried on with
excellent success, indicating that in prune orchards the yield from an
acre treated according to the directions of. the bureau reached a value
of $367.93, where an untreated acre yielded only $6.65. Work upon
the codling moth, plum curculio, Hessian fly, and the jointworm has
been continued with success, and important advances have been made
in methods of fighting insects affecting vegetable crops and stored
products. Information on the subject of the house fly as a carrier of
typhoid fever and on malarial mosquitoes has been published, and
the study of the tick which transmits Rocky Mountain spotted fever
has been completed. IFurther studies upon the cattle tick have been
made, and an investigation of the possible influence of certain insects
in the carriage of pellagra has been begun. The work on bee diseases
has been continued.

BUREAU OF BIOLOGICAL SURVEY.

RATS AND THE PLAGUE.

The rat is one of the most destructive mammals known, and the
vast losses it annually causes in the United States call for increased
efforts to reduce its numbers and to exterminate it wherever possible.
Moreover, the continuance of the bubonic plague in foreign countries.
with which we have constant trade relations emphasizes the danger
of the landing of plague-stricken rats from incoming ships, and
renders imperative the need of perfecting means for the destruction
of these vermin, now believed to be the chief means for disseminating
this dread disease. During the past year experiments were continued
to discover effective means of reducing the numbers of this pest,
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without the discovery, however, of methods superior to those recom-
mended in Farmers’ Bulletin 369. While poison and traps must
continue to be the chief means of reducing the numbers of these
mischievous rodents in public buildings, dwellings, stores, and ware-
houses, it can not be too strongly urged that preventive methods are
vastly easier, much more effective, and in the long run cheaper. The
rat-proofing of buildings, especially those in which foodstuffs are
stored, should be insisted on as far as possible. This precaution,
coupled with the withholding of food so as to reduce reproductory
powers and make trapping and poisoning effective, will result in ma-
terially reducing the number of the pests and lessening the danger
from them.

GROUND SQUIRRELS AND THE PLAGUE.

Throughout much of the region west of the Mississippi River ground
squirrels of many species abound. In past years much time and atten-
tion has been given to the study of the habits of these rodents and
of methods of controlling them, since wherever found they are ex-
ceedingly destructive to farm crops, and in irrigation districts they
do much damage by burrowing into embankments, thereby causing
costly breaks. The spread of bubonic plague by rats to the ground
squirrels of California, discovered by the Public Health and Marine-
Hospital Service, is a matter of national importance, since there is
danger not only that the disease may become endemic in that par-
ticular State but eventually, through the agency of other species of
ground squirrels, spread to neighboring States and thus threaten the
whole country. As yet plague germs have been found in only one
other native rodent, the California wood rat, and in only one indi-
vidual of that species. The destruction of a mammal so numerous
and so widely distributed as the California ground squirrel is a
very serious undertaking on account of the great cost involved, and
vet safety from the plague can apparently be fully assured in no
other way.

During the year careful experiments were made to discover, if
possible, better and cheaper methods of poisoning ground squirrels,
and a cireular embodying the results of these experiments was pub-
lished. The formulas in Biological Survey Circular 76 can be con-
fidently® recommended for cheapness and effectiveness. This eir-
cular has been widely distributed throughout California, with a view
to stimulating activity on the part of resident farmers and land-
owners generally in the work of ridding their lands of ground squir-
rels. When fully advised of the importance of the work, they have
usually shown themselves ready to do their part. The present law
~ of California, which requires the cooperation of all landowners in
the work of exterminating ground squirrels, will, if fully enforced,
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go far toward providing a remedy, especially if the State, through
county and other officials, arranges for furnishing poison or poisoned
bait in necessary quantities to landowners at cost. By providing
centers of distribution the poison can be supplied ready for use at
comparatively low cost, which will greatly stimulate its use by
farmers and others.

RELATION OF NATIVE MAMMALS TO SPOTTED FEVER.

The recently ascertained agency of certain of our native mammals
in the transmission of diseases vastly increases the importance of a
knowledge of the exact range of the species concerned and their
habits. It isnow known that the so-called spotted fever of the Rocky
Mountain region is transmitted from certain native mammals to
men through the agency of ticks. In its most virulent form this
fever, fortunately, has a restricted range, being confined to a portion
of Bitterroot Valley, western Montana; but in milder form it pre-
vails in parts of Idaho, Wyoming, Utah, and Nevada, and probably
elsewhere in the Rocky Mountain region. During the past year the
Biological Survey, the Bureau of Entomology, and the Agricultural
Experiment Station of Montana ccoperated in a field and labora-
tory study of the agencies and manner by which the disease is trans-
mitted to human beings. The work of the Biological Survey was
chiefly confined to ascertaining the species of native mammals which
carry ticks in any stage of development, since presumably one or
more of these mammals is, if not the original, the chief source of
infection.

A collection of the mammals of the valley and adjacent mountains
was made and the ticks discovered were turned over to the assistants
of the Bureau of Entomology for experiment and study. No fewer
than 18 species of mammals were found to harbor fever ticks—proof
of the great difficulty that must necessarily attend any attempts to
exterminate all the wild hosts of the ticks over the region in which
the fever prevails. The mammal found to be most frequently in-
fested—possibly in this respect equaling all other wild mammals
combined—is the common ground squirrel of the region (Citellus
columbianus), which abounds over much of the valley. As a very
important step in the suppression of the disease, a thoroughly organ-
ized campaign to exterminate this squirrel within the limits of the
valley should be made. Such a campaign may be urged on the double
ground of the public health and the advantage of the farmer, since
this mammal is a very serious pest, not only in this particular valley,
but wherever grain is sown in Washington, Oregon, Idaho, and Mon-
tana. In connection with a study of the local wild mammals, an
assistant of the Biological Survey during the coming season will
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demonstrate to the people within the infested district the best method
of exterminating this ground squirrel and other wild mammals that
carry ticks. By means of State cr county cooperation the small tick-
carrying mammals of the western side of Bitterroot Valley, the area
chiefly affected, could be exterminated at a comparatively small out-
lay of time and money.

PRAIRIE DOGS.

Prairie dogs continue to be a scourge to farmers in many sections
of the Middle West, and they exact heavy toll also from the stockmen
by eating nutritious wild grasses which form the main reliance of
range cattle. Their colonies sometimes number thousands of indi-
viduals, and as it requires only about 200 to consume the forage of a
steer their colonies collectively are a heavy drain on both pasturage
and crops. During the year many experiments have been made
with a view to finding better methods of poisoning or otherwise
destroying these animals without at the same time endangering the
lives of valuable birds.

SILVER FOX INDUSTRY.

During the past year many inquiries have been received from
various parts of the United States regarding the practicability of
rearing the silver or black foxes for profit, and there is a steady
demand for the Farmers’ Bulletin on this subject. Interest in the
business has no doubt been stimulated by the enormous prices ob-
tained for skins, and even larger sums paid for first-class breeding
animals. Efforts are being made to obtain all possible information
as to the success of breeders who have engaged in the business with
a view to issuing a supplemental report on the industry.

WOODPECKERS.

- As a class, woodpeckers are among our most useful birds. They
destroy numbers of noxious insects and lend effective aid to the
preservation of forests, city shade trees, and fruit orchards. A
bulletin on these birds was issued during the year, analyzing the food
they eat, explaining the ways in which they are of value to the
farmer, and indicating methods by which their number may be in-
creased by the use of artificial nesting sites.

Unfortunately there is one small group of woodpeckers, properly
known as “sapsuckers,” which are destructive rather than beneficial.
Still they must be credited with doing some good by eating insects,
though they do much injury by pecking holes in the bark of trees,
especially fruit trees, for the purpose of obtaining the inner bark
and the sap, both of which are highly relished for food. As they
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return to the same tree time after time, and often season after season,
the area denuded of bark constantly grows larger, and many young
trees are killed. Moreover, the effect of their boring is visible in
the shape of checks, distortions, and stains years afterwards when
the trees are felled and worked up into lumber. It has been esti-
mated that the damage to wood products in the United States by
these sapsuckers is more than a millicn dollars yearly. This in-
vestigation of the habits of the sapsuckers and the kind and extent
of the injuries they inflict on trees and lumber appears in the form
of a bulletin, together with suggestions as to the best method of
protecting trees from their attacks.

SHORE BIRDS.

Notwithstanding their small size and the fact that many of them
retire to the far North to breed, our shore birds have been so ruth-
lessly pursued by gunners that all of them are fast diminishing in
numbers, at least one species has been exterminated, and several
others are nearing the same end. The value of shore birds as food
is widely recognized and is indeed the chief cause of their present
scarcity. But few are aware that many of them do good service by
eating noxious insects, including mosquitoes in the larval state.
Being valuable both for food and because they destroy insects, their
extermination would be a calamity, especially as during some part
of the year they visit every State in the Union and range from
ocean to ocean. The prohibition of the sale of these birds, the
abolition of spring shooting, and the restriction of the bag limit in
the open season will probably result in preserving the several species
for future generations.

CRAYFISH.

In certain regions of the Southern States, particularly in north-
eastern Mississippi and Alabama, crayfish are very numerous, and
in their early stages do much damage to crops, such as corn, cotton,
and other staples. In the States mentioned they infest a territory
of approximately 1,000 square miles and in certain restricted sec-
tions fairly swarm, their holes numbering thousands to the acre.
In such places successful crop raising is impossible, and a large
acreage noted for its fertility is practically useless because of the
depredations of these crustaceans. Investigations have been begun,
having in view the discovery of a method of trapping the crustaceans
in large numbers and their utilization for food, or their destruction
in their holes by means of a deadly gas. The experiments are not
yet far enough advanced to warrant definite statements, but excellent
results have been obtained by the use of gas.
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BIOLOGIC SURVEY OF CANAL ZONE.

The construction of a canal across the Isthmus of Panama from
ocean to ocean must ultimately affect the distribution of marine
life along both coasts, while the physical changes wrought along the
line of the new waterway, including the creation of a great fresh-
whter lake, the destruction of a belt of native forest, and the inevi-
table introduction by commerce of new forms of both plant and
animal life, must also considerably change Isthmian biology. A
biologic survey of the Isthmus for the purpose of adding to our
scientific knowledge of this recently acquired strip of territory and
as a means of determining the nature and extent of future changes
seemed very important, and a plan of work was entered into in coop-
eration with the Secretary of the Smithsonian Institution, the Secre-
tary of War, and the Secretary of Commerce and Labor. Under this
cooperation an assistant of the Biological Survey has for several
months been engaged in making collections of the birds and mammals
of the Canal Zone as a basis for a comprehensive report upon these
branches. The Isthmian region is rich in both these groups, and
the collections already sent in are an earnest of the rich harvest
of scientific data and specimens to be expected when the work is

completed.
/ EXPEDITION TO LAYS8AN ISLAND.

One of the largest sea-bird rookeries in the world is that on the
island of Laysan, the most important of a series of oceanic islands,
some 600 miles northwest of the Hawailian Islands. These islands
were set apart as a bird reservation February 3, 1909.

About two years ago Laysan was raided by alien feather hunters
and a vast number of birds were killed for their plumage. During
the year the University of Jowa planned an expedition to the island
in order to secure material for representative groups of sea birds
to form part of the university museum exhibit, and the cooperation
of this department was sought for the purpose. The four men
selected by the university were appointed temporary wardens of
the department and, in addition to a representative series of the
birds of the island, they will furnish a detailed report of the present
condition of the rookeries, the number of birds that breed there,
and the effect on the prosperity of the colony of the raid of the
feather hunters mentioned above.

BIOLOGICAL INVESTIGATIONS.

Biological investigations have been carried on during the year in
Alabama, Arkansas, Idaho, Kentucky, Montana, Tennessee, Wyo-
ming, and Virginia, and the information gathered has added much to

Py
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our knowledge of the distribution, abundance, habits, and economie
relations of mammals and birds. It has also yielded data for numer-
ous corrections of life and crop zone maps and enabled answers to
be given to numerous inquiries as to the crops best suited to speci-
fied areas. )

A revised and corrected edition of the zone map of North America
has been published during the year, and for the first time the out-
lines of the Tropical and Hudsonian Zones have been shown with
some detail. While mainly extralimital, both these zones are rep-
resented in the United States; the Tropical in Florida, the Hud-
sonian on the higher mountains and in Alaska.

A report on the biological survey of Colorado has been issued and
distributed. It covers the subject of life and crop zones of the State
and includes a detailed zone map and a fully annotated list cf the
maminals.

GAME PRESERVATION AND INTRODUCTION.

While the need of game protection is each year better understood,
and while effective legislation for the preservation of game becomes
yearly more general among the States, it is apparent that the ex-
tinction of the wilderness by growing settlement must, sooner or
later, deprive the United States of most of its big game, except as
it may be preserved on lands set apart for that purpose. Hence, in
addition to unremitting efforts to prevent rapid destruction of game
by market hunting or excessive killing for sport, growing attention
is demanded by the question of game preserves, both private and
public. The Biological Survey has devoted much consideration to
this phase of game preservation, and much work has been done in
connection with game preserves and bird reservations.

ELK IN WYOMING.

At the close of the session the Sixty-first Congress made an ap-
propriation of $20,000 for the feeding, protecting, and removing of
elk in the region known as Jacksons Hole and vicinity, Wyoming.
As soon as the appropriation became available two representatives
of the Biological Survey were sent to Wyoming to do whatever was
possible for the starving elk. As all the available hay had been
secured by the State and was being fed to the elk, attention was
turned to other phases of the problem, such as the condilions re-
sponsible for lack of food, the number of elk that died from starva-
tion, the possibility of securing an adequate supply of hay for next
winter, the locaticn of available sites for winter refuges, and the
practicability of transferring elk to other localities. As an experi-
ment two small herds were transferred to the National Bison Range
and the Wichita Game Refuge, and careful consideration has been
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given to the feasibility of moving others to the Medicine Bow
Mountains and the Big Horn Range next winter. In short, a
thorough study is being made of the elk problem in all its phases,
and a report on the subject will soon be ready.

IMPORTATIONS.

The necessity for constant watchfulness to prevent the introduc-
tion of foreign birds and mammals likely to become pests continues
to be manifest. Three mongooses brought to New York in FFebruary,
1911, were promptly killed on board ship, and one mongoose and two
flying foxes on exhibition at Kansas City were placed in the safe
custody of zoological parks.

The importation of European partridges, which last year dropped
from 380,000 to 18,000, rose again to 86,507. While this increase
seems to show a growth, or at least a continuance, of the popularity
of this bird for stocking covers, yet from other sources it is evident
that repeated failures to acclimatize it have had a discouraging
effect. It is important to note that 10,000 of the partridges imported
in the current year were consigned to one destination—the State of
Towa, which has undertaken the experiment of acclimatization on an
unusually large scale.

BIRD RESERVATIONS.

. One new bird reservation was established during the year on the
Clear Lake Reservoir in the northern part of California, a few miles
southeast of KXlamath Lake. This reservation, which increased the
total number to 52, is an important breeding ground for birds.
Owing to the growing importance of questions arising in connection
with three of the reservations in Oregon and Idaho, an inspector was
appointed to visit them from time to time. Adjustment of relations
with the public in connection with the maintenance of the Deer Ilat
Reservation will require careful consideration. The Deer Flat Reser-
voir is the stopping place for thousands of ducks and many other
waterfowl in the fall migration; it promises also to be an important
nesting ground for waterfowl in the future. It is essential, therefore,
that it receive special attention if its purpose as a bird reservation is
to be maintained. The lake, however, is situated only 6 miles from
Caldwell and is likely to become a summer resort. A trolley line
connects it with Caldwell, and boats have been placed on the water
for the use of excursionists. It may be found necessary to keep part
of the lake free from intrusion by pleasure seekers, at least during
the nesting season. The question of stocking the reservoirs of Cold
Springs, Oreg.; Deer Flat and Minidoka, Idaho; and Belle Fourche,
S. Dak., with fish was taken up with the Bureau of Fisheries, and it
is probable that these reservations for birds will soon become reser-
vations for fish as well.
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NATIONAL BISON RANGE.

No damage was done to the National Bison Range, in Montana, by
the forest fires of 1910, although they raged around it only a short
distance away. Fifteen buffalo calves were born in the spring of
1911, ahd 3 adult buffalo, presented by the American Bison Society,
were placed on the range. Twelve antelope from the Yellowstone
National Park and 7 elk from Jacksons Hole, Wyoming, were added
to the occupants of the range during the year. Four of the antelope
died, and as no deer have been seen recently, the game on the range
at the close of the year comprised 66 buffalo, 8 antelope, and 7 elk. In
this connection it may be mentioned that the American Bison Society
is taking steps, in cooperation with this department,to secure ground
for an additional bison range in South Dakota.

ALASKA,

’

More rigid protection of deer and walrus in Alaska having been
found necessary, new regulations were issued on July 29, 1910, short-
ening the hunting seasons, limiting the number of deer which may be
killed by each hunter, preventing the sale of venison during 1911, and
prohibiting all killing of walrus in Bristol Bay and south of the
Kuskokwim River until 1912. Only five wardens were employed
during the year, but this number will be augmented next year owing
to an increase of $5,000 made by Congress in the appropriation for
warden service in 1912.

DIVISION OF ACCOUNTS AND DISBURSEMENTS.

During the year there were received, audited, and paid 118,921
accounts, amounting to $15,736,198.02. More than 4,200 of these ac-
counts, moreover, were so-called combined accounts, in connection
with which there was probably a saving of at least 21,000 checks, to
say nothing of the saving of other clerical labor in connection there-
with. There were also audited and sent to the Treasury for pay-
ment 4,368 accounts. In the payment of the 118,921 accounts men-
tioned above it was necessary to draw 244 requisitions on the Treas-
ury and subtreasuries and issue 225,019 checks. There were issued
during the year 27,345 requisitions for supplies, 7,068 letters of
authorization for travel, 44,976 requests for passenger travel, and
9,020 requests for department bills of lading and requests on the
Quartermaster General for the transportation of Government prop-
erty, while about 158,100 letters were written or received in the ordi-
nary transaction of business.

To carry on the work of the Department of Agriculture during
the fiscal year ended June 30, 1911, Congress appropriated $13,487,-
636 for the ordinary expenses of the department, in addition to which
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permanent annual appropriations amounting to $6,329,000 and
special appropriations amounting to $1,874,614 were available, mak-j
ing a total of $21,691,250. )

The disbursements of the department for the fiscal year 1911
amounted to $17,188,339.27, and the greater part of the balance of
$4,496,348.68 will be required for the seftlement of outstanding
Iiabilities.

The amount for rent of buildings in the District of Columbia for
the several branches of the department was $70,481.86.

A1l accounts for the fiscal year 1909 having been settled, the unex-
pended balance of appropriations for that year, amounting to
$306,333.71, was covered into the Treasury on June 30, 1911. The
account for the fiscal year 1910 is still open.

The amount estimated for the fiscal year 1913 in the annual esti-
mates for the regular appropriation bill is $17,233,452, which in-
cludes $1,440,000 for agricultural experiment stations; in addition to
‘which there will be available permanent annual appropriations
amounting to $5,706,000, making a total of $22,939,452. There is also
an estimate in the sundry civil bill for printing and binding for this
department amounting to $480,000, making a grand total of
$23,419,452, which is an increase of $340,436 over the appropriations
for the fiscal year 1912. This amount will be used for establishing
new Weather Bureau stations in the fruit and horticultural sections;
for extension of the dairy and animal husbandry work in the éradica-
tion of tuberculosis in domestic animals; for an extension of farm
management investigations and demonstration work in the northern
States, and an enlargement of the scope of pathological investiga-
tions; for additional range investigations and tree planting; for an
extension of the work under the enforcement of the food and drugs
act; for an extension of the soil survey work; for an extension of the
work under enforcement of the insecticide act; and for an extension
of the work on road management and experimental roads.

DIVISION OF PUBLICATIONS.

The number of different publications, circulars, and reports issued
by the department during the year ended June 30, 1911, was 1,953,
which is 29 less than during the previous year, but the number of
copies printed for distribution to farmers and others interested in
agriculture aggregated 27,594,877, which is 2,404,408, or nearly 10
per cent, more than during any previous year. This gratifying re-
sult was accomplished without any increase in the appropriation for
printing and with a slight decrease both in the appropriation and in
the force available for the division work.

Of the documents mentioned above, 27,250,250 were issued through
the Division of Publications, and 844,627 were issued through the
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Weather Bureau; 18,468,277 copies were of publications issued dur-
ing the year and 9,126,600 were reprints of publications which had
been previously issued, but for which there was still a considerable
demand. Of Farmers’ Bulletins, 9,219,000 were secured with the
appropriation available, 2,054,000 of which were copies of new bul-
letins and 7,165,000 were reprints. Many of the Farmers’ Bulletins
have long been in use by the farmers and a large demand still exists
for them.

Inasmuch as the amount expended in acquiring the information
appearing in the department’s publications is more than $16,000,000,
the appropriation of less than half n million dollars for printing and
binding, of which only about $360,000 is available for printing re-
ports, bulletins, and circulars for distribution among the people, in
order that they may avail themselves of the results of this outlay and
these investigations, is small and inadequate. If the available in-
formation could be placed in the hands of every farmer, a fuller
measure of usefulness should be achieved by the department.

POPULAR DEMAND FOR PUBLICATIONS.

Even with the increased number of publications printed and dis-
tributed during the year, it was impossible to supply the popular
demand, which came from every section of the United States and
from many other parts of the world. The department would have
required at least 5,000,000 bulletins more than were at its disposal
to have met the demand fully, and it was found necessary to select
and send a few bulletins likely to be most useful to those whose re-
quest had been for many more, and by this course make it possible
to supply at least some bulletins to each applicant, instead of exhaust-
ing the department’s supply in attempting to entirely satisfy a few.
The distribution of this reading matter widely disseminates informa-
tion along agricultural lines and is productive of a higher yield of
better crops, better breeds of stock, new varieties of fruits, and im-
proved conditions on the farm, the financial value of which alone
amounts to millions of dollars annually, but the increase in comfort,
contentment, and cheer can not be estimated.

FARMERS’ BULLETINS,

With the present appropriation of $125,000, it was possible to make
an allotment to each Senator, Representative, and Delegate of ap-
proximately 12,500 Farmers’ Bulletins, which was admittedly insuf-
ficient in view of the increasing number of requests received from
them. Therefore, the matter of securing a sufficient appropriation
should be considered with the view to increasing the allotment. Un-
der the law only one-fifth of the Farmers’ Bulleting furnished were
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available for distribution by the department, and this is not sufficient
to permit it to comply with one-half of the requests received, and
makes it necessary to refer applicants to their Senators, Representa-
tives, and Delegates, who themselves, in many cases, have already
cxhausted their supply.. Hence it is obviously desirable that both the
congressional and departmental allotments should be increased. An
addition of $25,000 to the printing bill, available for printing
Farmers’ Bulletins, would increase the allotment to each Senator,
Representative, and Delegate to 15,000, and would enable the depart-
ment to more nearly comply with the demands made upon it.

AN ALLOTMENT OF EVERY PUBLICATION FOR SENATORS, REPRESENTATIVES,
AND DELEGATES IN CONGRESS.

There is a constantly increasing demand for publications other
than Farmers’ Bulletins from Senators, Representatnes, and Dele-
gates in Congress, which the department is unable to supply, very
much to its regret. These publications contain the results of our
scientific investigations and experiments acquired at considerable
expense, and they should receive the widest possible distribution
among the people for whom they are intended. This, however, is not
possible under the present system and with the available funds. So
satisfactory has been the distribution of Farmers’ Bulletins that I
am persuaded to recommend that an allotment of every publication
issued by the department be made to Senators, Representatives, and
Delegates in Congress. They are in close touch with the people and
would be able to give the publications a wider and wiser distribution
than they now receive. A considerable increase in the appropriation
for printing would be necessary, but it is believed that the results
would be so valuable and enduring to the people as to justify the
additional expenditure. The subject is worthy of serious consid-

eration.
SCIENTIFIC AND TECHNICAL PUBLICATIONS.

Our scientists are constantly conducting investigations and mak-
ing important discoveries which are of great value to agriculture,
but the published results are not always adapted to the present uses
of the great mass of the department’s correspondents. The informa-
tion they contain is necessarily couched in more technical and scien-
tific language than is desirable in popular pamphlets; hence the
bulletins are printed in limited editions as permanent records of the
achievements of the department in scientific research, and for dis-
tribution to libraries, collaborators, and scientists, both in this coun-
try and abroad, and to such persons as are likely to find them
of special value. Publications of this class represent only about 2
per cent of the total output, but owing to their greater length, the
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use of more expensive illustrations, and the necessity for more ex-
pensive paper, they use up about 20 per cent of the appropriation for
printing and binding. The advisability of securing additional funds
for publishing larger editions of bulletins of this class should be
seriously considered, as it is believed that the publications should
Liave a wider distribution. '

ECONOMIES EFFECTED.

The channel through which the department distributes the results
of its investigations and other information it desires te disseminate
among the people, and especially the rural population, is its publica-
tions, the editing and distribution of which is the province of the
Division of Publications. It is the function of that division to meet
the department’s requirements for printing and binding and to
accomplish this with an almost always inadequate appropriation.
Hence the economies of the division tend in the editorial work to
the condensation of statement and improvement in form of the
printed documents, and in the distribution work to closer organiza-
tion and efficiency and expedition.

The extent of the work performed in the division is dependent
upon the growth of the department and the activity of its various
agencies, and this activity depends upon so many extraneous con-
ditions that it is not possible to even approximate at the beginning
of the year the amount of printing which will be required. Its opera-

" tions, therefore, may be accepted as an accurate index of the depart-
ment’s work. The magnitude of the work devolving upon the editors
is apparent when the large number of publications issued and the
enormous amount of miscellaneous printing required by the depart-
ment are taken into consideration.

Perhaps the most striking feature of this division’s work was its
success in promoting economy. Many manuscripts were reduced in
size, illustrations were limited to those absolutely necessary to illus-
trate the text, and the tables were greatly condensed.

In many cases large savings were effected in the cost by reduction
or other changes in the shape or size of blanks, eliminating waste in
cutting the paper and substituting a perfectly satisfactory paper,
but of a cheaper grade, for a high-priced article no better fitted for
the purpose. The economy effected in this kind of work, however, is
not confined to the manuscript and illustrations after being sub-
mitted. The division’s supervision has exercised a healthful in-
fluence throughout the department, tending to a more careful prepara-
tion of the manuseripts, a more critical selection and minimization
of illustrations, and less change in proof of the authors. The use
of a more durable paper for some of the publications of the depart-
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ment has been adopted, insuring the permanent preservation of its
valuable publications and at the same time lessening the weight of
the bulletins; while for the publications issued in large editions and:
of a more temporary value a lighter paper has been adopted, reduc-
ing both the cost to the department and the cost of transportation
through the mails. To add to the value and completeness of the pub-
lications indexes are prepared for those which are of such size as to
require it. The division also prepares and maintains a detailed card
index of the contents of all publications of the department—perhaps
the only one in existence.

ILLUSTRATIONS.

During the year the division prepared 1,566 original drawings,
produced 71,224 photographs, and filled 224 orders from outside de-
partments for photographic work, which required the reproduction
of 2,694 photographs, costing the purchasers $596.53. On the order
of the department 1,252 duplicate electrotypes of illustrations were
made for miscellaneous applicants by private firms, for which the
applicants paid to the manufacturers a stipulated price per square
inch.” This growth in the photographic work has continued without
increase in force. These facts do not convey an adequate idea of
the constantly increasing demand upon that branch of the division
from the other bureaus of the department, nor do they indicate
the amount of labor and skill necessary to produce such technical
and artistically correct illustrations as appear in the department’s
publications.

SALES OF DEPARTMENT PUBLICATIONS.

As stated above, the department is often unable to furnish publi-
cations requested by applicants, either because the supply is ex-
hausted, or because the publication is of such a character that it
can not be widely and gratuitously distributed. To meet such cases
Congress has wisely provided a relief through the Office of Superin-
tendent of Documents of the Government Printing Office.

This official is authorized by law to sell Government publications
at the nominal cost of printing and paper plus 10 per cent, and his
sale of the publications of the Department of Agriculture during
the last six years shows how increasingly interested the people have
become in the department’s work, for in 1906 only 47,745 copies of
- our publications, costing the receivers $5,388.28, were sold, while in
1911 the same official disposed of 183,577 copies, at a cost to the
purchasers of $18,657.17. TUnder the operations of the law the
Superintendent of Documents is permitted to reprint and sell pub-
lications as long as there is a demand for them, paying for the re-
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printing out of the receipts from previous sales. During the year
he reprinted 633 publications of the department, the editions aggre-
gating 170,325 copies. Thus only 13,252 of the number sold by the
Superintendent of Documents were furnished by the department.
In previous years the records of the Office of Superintendent of
Documents indicated that the purchases were generally from among
the scientific and technical publications of the department, but current
records show that while there has been a healthy increase in the
number of scientific and technical department bulletins distributed
through his office the great increase shown by his report was in the
more popular and smaller publications, which give in a practical
way the results of the scientific investigations. This proves that the
rural population in greater numbers is seeking the aid of the depart-
ment and is willing to pay for the documents needed when the
department’s supply will not permit of gratuitous distribution.

PUBLICATIONS FOR RESTRICTED AREAS.

The department’s correspondence relating to its publications shows
an increasing demand for information relating to particular locali-
ties or sections of the country, which it is often difficult to supply in
printed form and which requires a disproportionate amount of labor
to present in an individual letter.

During the last two years there has been an increasing demand for
information in regard to the agricultural possibilities of the different
States. Information of this kind can be found in the soil surveys;
but these, owing to the colored maps, are expensive, and, more-
over, are not available for general distribution, as the editions for
departmental use are limited to 1,000 copies. The appropriation for
Farmers’ Bulletins provides for publications adapted to different
sections, and many of those more recently issued have been prepared
with a view to the needs of restricted areas. A Farmers’ Bulletin
for each State, presented in popular style, is therefore contemplated.

LARGER EDITIONS OF 100-PAGE PUBLICATIONS.

Under the provisions of the printing bill now pending in Congress
it would be possible for the department to print as many as 2,500
copies of bulletins exceeding 100 octavo pages, which at present and
for several years have been limited to editions of 1,000 copies. In
many cases these bulletins have been of great scientific value, and the
inability to distribute them more widely among the colleges and
universities and in the scientific world generally has been a matter
of regret and has deprived many of valuable information. It is
hoped that the provision will prevail.
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TSE OF OUR PUBLICATIONS BY SCHOOLS.

The demand for the department’s publications for use in schools of
all grades continues to increase and is far beyond our ability to sup-
ply. Of course an effort is always made to furnish to each school
making requests as varied and as large a supply as the limited
number at our disposal justifies, for it is believed that such distribu-
tion encourages agriculture and increases the prosperity of the Re-
public. An increase of the appropriation with the view of more
nearly meeting the demands of these young men and women is worthy
of serious consideration.

BUREAU OF STATISTICS.

The quantitative interpretation of the figures indicating the
monthly condition of those growing crops of which estimates of
production are made at the close of each year is an important feature
added this year to the crop-reporting system of the department.

Since the significance of the monthly condition figures has been
interpreted by the department, the various private interpretations,
both by individuals and commercial organizations, differing in their
statements, have practically ceased, and it has been generally con-
ceded in all quarters thdt the interpretations emanating from the
Bureau of Statistics are the fairest and the most authentic figures
possible to be based on the crop condition report.

All the leading crops except cotton are included in these quanti-
tative interpretations. With cotton, however, it is impracticable to
interpret the condition figures, as the amount of abandoned acreage
is lacking, can not be ascertained until the close of the season, and
is essential to reasonable accuracy in the translation.

COST OF CROP PRODUCTION.

The result of the investigation upon the cost of producing corn,
wheat, and oats, published in several numbers of the Crop Reporter,
made it evident that the cost of producing crops varies widely in
different sections of the country. The average cost per bushel of
producing corn was found to be 37.9 cents (including rental charges),
varying by States from 30 cents in Iowa and South Dakota to 72
cents in Maine; the average cost of producing wheat was 66 cents
per bushel (including rental charges), varying by States from 44
cents in Montana to 96 cents in South Carolina; and the average
cost of producing oats was 81 cents per bushel (including rental),
varying by States from 23 cents in Montana to 56 cents in Con-
necticut.

1t is proposed to continue this line of investigation.
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PROPORTIONED CAUSE OF CROP DAMAGE.

The results of the first inquiry into the amount of damage done
to each important crop in 1909 was published in November, 1910.
The summary showed that 81.8 per cent of the total damage is at-
tributed to unfavorable climatic conditions, 4.8 per cent to plant dis-
eases, 7.9 per cent to insect pests, 1 per cent to animal pests, 1 per
cent to defective seed, and 8.5 per cent to unknown causes.

CROP REPORTING.

Investigations of the crop-reporting systems of several countries
of Europe show beyond doubt that the systems of the countries visited
contain no better features, and, as a rule, cover no range broader
than our own; in fact, it was found that the system prevailing in
this department, and already many years in operation, is far in
advance of that of any other country.

Many thousand reports received regularly from the voluntary cor-
respondents are tabulated, and these form the basis of the crop re-
port figures given out each month.

The total number of questions asked of all classes of correspondents
in the calendar year 1910 amounted to 2,582. Of these 2,003 were for
use in making the crop report and 579 for special investigations.
From the township correspondents alone 2,427,000 replies were re-
ceived.

A notable addition to the monthly reports of prices was a schedule
comprising about 30 of the principal products of the farm other than
the 14 which are reported on by the county correspondents.

A comparative statement of monthly receipts of eggs and poultry
was compiled each month and published in the Crop Reporter, show-
ing the relative increase or decrease from month to month in the
quantities received by large dealers who buy from the country, and
the receipts at important markets.

If the preliminary work attempted toward compiling a statement
of the quantity of apples shipped from the principal producing
regions is successful, such a statement will be issued in the near
future. .

AGRICULTURAL PRODUCTION AND POPULATION.

Owing to the prevalence of high prices there has developed a gen-
eral impression that the agriculture of this country is unequal to the
needs of the increasing population. An investigation of the facts
with regard to this condition failed to establish any cause for alarm.
On the contrary, it is evident that this country has been passing
through phases of agriculture in which declines in production per acre
are the result of exploiting new land and in which recuperation fol-
lows with a pace greater than that of increase of population.

20139°—vyek 1911—9
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Just prior to the close of the fiscal year two investigations were
begun relating to the development of agriculture as influenced by
transportation companies, one with special reference to such topics as
the movement of agricultural population and the occupation of rail-
road lands, and the other to the changes in the cost of distributing
perishable farm products.

COST OF FARMERS’ SUPPLIES.

From an extensive inquiry made among retail dealers doing busi-
ness with farmers it appears that most articles purchased by farmers
cost more in 1910 than in 1909, the average increase being about
1.5 per cent. The purchasing power of produce of 1 acre in 1910
was 7.3 per cent less than in 1909, but still about 44.1 per cent more

than in 1899.
SEEDTIME AND HARVEST.

An unusually large undertaking of the pioneer sort was the work
in the investigation of the dates of planting and harvesting in the
United States and foreign countries, which has been continued and
is so far advanced that the report on cereal crops, flax, cotton, and
tobacco is now in press, and there is prospect of completing the
reports on forage crops, truck crops, and seedtime and harvest in
foreign countries during the fiscal year 1912. The plans of the
work have been original, and in the processes of treating the primary
materials for the deduction of conclusions there have been many
practical problems to solve.

LIBRARY.

The accessions to the department Library during the past year,
exclusive of current periodicals, exceeded those of any previous year
and amounted to 8,816, bringing the total number of books and pam-
phlets on July 1, 1911, to 115,658. More than half of these acces-
sions were received by gift or in exchange for department publica-
tions. In addition to the accessions noted above the Library received
currently nearly 2,000 periodicals.

During the year the Library completed the first volume of its
Monthly Bulletin, for which an author index was issued, thus ren-
dering the Bulletin more useful for reference than was the case with
the former list of accessions. ‘

Although the Library’s collection of books on agriculture and
related subjects is probably unsurpassed in the country, the resources
of other libraries are also used to aid in the investigations of the
department, 6,397 volumes having been borrowed during the year
from Washington libraries and 69 from libraries in other cities. On
the other hand, the department Library is frequently called upon to
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lend books to scientific institutions outside the city, especially to the
State agricultural colleges and experiment stations. During the year
615 books were thus lent. Several of the other Government offices in
the city also use the Library freely.

During the year about 2,000 duplicates received by the Library,
for the most part official publications, were distributed to the libra-
ries of the State agricultural colleges and experiment statlons to help
in completing their files.

OFFICE OF EXPERIMENT STATIONS.

RELATIONS WITH AGRICULTURAL EXPERIMENT STATIONS.

The better financial conditions resulting from the increased Federal
funds and other resources, as well as the growing demands of a pro-
gressive agriculture in general, have continued during the year to
increase the working efficiency of the experiment stations and to widen
the scope of their activities.

The appropriations provided for by the acts of Congress, which
were received by 56 of the stations, amounted to $1,539,000 for the
fiscal year ended June 30, 1911. The appropriations made by State
legislatures for the work of the experiment stations again amounted,
during the year, to over $1,000,000, and the fees received from the
different kinds of inspection work, together with the amounts realized
from the sales of farm products and secured from other local sources,
aggregated about $500,000.

Progress was made during the year in widening the scope and in-
creasing the efficiency of extension work. To this class of work over
100 persons are at present devoting their entire time. The organiza-
tion, development, and growth of extension departments as separate
branches indicate that it is realized that the stations themselves must
remain true to the purpose for which they were established and for
which they are maintained, namely, scientific investigations of the
problems relating to agriculture.

One of the important features of the stations’ work has related to
dry farming, with a bearing not only upon the crops and methods of
culture adapted to regions of' deficient rainfall, but also upon the
complex relations of water to the growth and health of plants, the
nature of drought resistance, and the means of producing plants re-
sistant to adverse climatic conditions. The California Station, among
others, made notable progress in the study of the relation between the
water supply of the soil and the growth and health of plants, i. e., the
true duty of water in plant growth. It has been shown that, while
deficiency of water retards the growth of plants, excess of water, as
in careless irrigation, may seriously affect their health.
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The work of the stations is emphasizing more strongly each year
the fact that progress in the improvement of agricultural crops must
be based upon a fundamental, scientific knowledge of the nature of
the qualities it is desired to develop and perpetuate, as, for example,
yielding capacity, drought resistance, disease resistance, hardiness,
and the like.

The Wisconsin Station is preparing to distribute a considerable
number of new varieties of plums and apples that have been devel-
oped at the station. In 1910 it distributed over 300 pounds of im-
proved tobacco seed to growers in the State. Pedigreed barleys have
been disseminated through the Wisconsin Experiment Association.
The work has been extended to include boys’ clubs, and contests have
been arranged in growing corn, barley, and oats, $18,000 in premiums
being offered in various fairs, contests, etc. The yield of a pedigreed
strain of oats on the station farm is reported at 76 bushels per acre.

The plant-breeding work in the department of horticulture in the
South Dakota Station has become very extensive. Some excellent
hybrid plums, plum and sand-cherry crosses, and hybrids of raspber-
ries have been given to the public, and others are receiving final trial
before they are distributed. The hybrids of purple-leafed plum of
Persia with the sand cherry have turned out to be valuable orna-
mentals, and the union of the native plum and the Chinese apricot
has resulted in varieties promising as profitable market fruits. A
hybrid raspberry sent out from the station is winning much favor
over a wide area of the Northwest and is the hardiest raspberry so far
produced. The same department is carrying on alfalfa-breeding
work, in which seven or eight species of Medicago are being used, to
develop hardy strains for hay, pasture, and seed production. This
station is also carrying on work in the breeding of sugar beets in
cooperation with this department. This work has so far resulted in
more than 40 different strains of selected beets, as many more cross-
bred varieties, and a number of single individuals selected on account
of excellence. As a result of several seasons’ work it is claimed that
hybrid sugar beets have not given as good results as those developed
from a process of straight selection from known mother beets. In
sugar-beet breeding work carried on by the Utah Station, strict meth-
ods of pedizreed breeding are employed, and the total hereditary
power of each original mother is ascertained. The seed produced last
year showed a gain of over 1} per cent in the sugar content as com-
pared with the imported seed of the same original strain.

Many of the stations have achieved noteworthy results and ob-
served valuable points in the improvement of field crops.

The work of the North Dakota Station in plant breeding was par-
ticularly large in breeding alfalfa, corn, and winter grains. The
blue-stem wheat was largely disseminated through the demonstration
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farms; the result of 17 years’ work was the first blue-stem seed
distributed by the station. The yield at the station in the very dry
year of 1910 was 271 bushels per acre on 5 acres, while the average
wheat production for the entire State was estimated at only 5%
bushels per acre. A winter rye bred by the station proved hardy to
a considerably greater degree than common rye sown in the country
and gave greater yields. In a similar way the development and dis-
tribution of new varieties among farms of the State was continued
by the Minnesota Station. A new variety of winter wheat and three
varieties of oats originated at the station, and which outyielded ordi--
nary grains by 15 to 25 per cent, were distributed. One variety each
of wheat, oats, corn, and flax originated and sent out by this station
have become known commercially and are now quite widely grown
in Minnesota and the adjoining States. -

The increase and fixation of desirable properties in plants by the
Ohio Station included work with 130 strains of alfalfa propagated
from seed from as many different plants, 245 strains of red clover,
100 strains of corn, 569 strains of oats, 125 strains of soy beans, and.
1,560 strains of wheat. Pedigreed strains of corn have been de-
veloped which are thus far yielding 5 to 14 bushels more than the
original varieties; pedigreed strains of oats and wheat are yielding
3 to 6 bushels more than the original stock, and soy beans 2} to 6
bushels more. It is estimated that the hybrid wheats originated and
distributed by the Washington Station for the last four years re-
sulted, in the season of 1910, in an increase of 1,500,000 bushels in
the production of wheat.

Special attention is being given to problems of soil bacteriology,
including the importance of humus as a medium of existence for the
soil organisms which have to do with soil fertility. The Colorado
Station has demonstrated the occurrence of areas of soil in irrigated
orchards and sugar-beet fields containing nitrates in such excessive
amounts as to destroy the crops. Apparently the excess of nitrates
is due to phenomenal bacterial activity, and the problem is to devise
means for the utilization of this rapid nitrate formation for bene-
ficial purposes and to prevent it from becoming a menace to crops.
The California Station in studying soil bacteria under arid condi-
tions found nitrifying bacteria down to a depth of 12 feet, while in
humus soils they occur within the first 6 inches. Results secured at
the Kansas Station suggested that plowing from 8 to 10 inches deep
tends to increase the number of soil bacteria in both sandy and silt
soils, and also tends to increase bacterial activity. The maximum
number of bacteria was found within the fifth and sixth inches of
the soil. An increase in soil temperature was found to increase the
activity of the bacteria and an excess of moisture to reduce their
number. The Montana Station observed that where moisture con-
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tent of the soil was good the nitrate formation was relatively high.
In connection with these studies it was shown that the great benefit
from summer fallow was due to nitrates accumulated in the moist
soil during the fallow season, which gives a rapid growth the fol-
lowing year, so that the crop usually has advanced beyond the stage
of liability to serious injury before the dry period of the year arrives.

The Utah Station in studying the formation and movement of
nitrates in irrigated soils found that the nitric nitrogen tended to
accumulate in the lower foot sections during winter and spring.

In a series of feeding experiments the Nebraska Station demon-
strated that when corn is above 385 cents per bushel and alfalfa not
over $7 per ton, the old method of fattening cattle for market, which
consists of feeding heavily with grain and using little roughage, is
much less profitable than a moderate use of grain and correspond-
ingly more roughage. In a five-year trial of fattening cattle on blue-
grass pasture at the Missouri Station, better gains were made and a
more uniform finish was obtained when corn was substituted for
either gluten, linseed, or cottonseed meal.

The Tennessee Station has worked out double cropping systems for
the State under which two crops are grown on the land annually, and
in that connection has been able to maintajin a steer for every acre in
this work.

The North Dakota Station conducted feeding experiments with
hogs, in which different feeds were compared. It was found that
corn produced a much larger proportion of fat than barley and in
consequence made a poorer grade of pork. It required 18 per cent
more of barley than of corn to produce a given gain in weight. An-
other test showed that ground rejected wheat produced good gains
when fed to swine with shorts. In comparison with corn it required
8.9 per cent more rejected wheat than corn to produce the same gains,
but the quality of pork produced was better than that produced on
corn.

Several of the stations have shown that heavy feeding of silage—
up to over 40 pounds a day—can be followed with advantage in fat-
tening cattle. In one instance 3 poands of gain a day were made in
this manner, with little grain, and the beef was finely finished. In
this connection it is worthy of mention that a number of stations have
given considerable attention to silo construction. The Iowa Station
has designed a silo built of hollow tile, reenforced between courses of
blocks, which is proving very efficient and cheaper in construction
than concrete where sand and gravel have to be shipped in.

In testing different methods of preparing corn for hogs, the Towa
Station found that the most satisfactory results were secured from
feeding dry ear corn until the hogs weighed about 200 pounds. For
heavier hogs soaked shelled corn gave the most economical gains of all
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the forms in which corn was fed. In experiments in hogging down
corn this station has produced pork at less than 3 cents a pound.

At the New York Cornell Experiment Station it was found that
mangels raised at a cost of $4 per ton and judiciously used to take
the place of one-half of the grain ordinarily fed are profitable in
feeding the dairy cow.

The results of shelter experiments conducted at the Pennsylvania
Station showed that steers fed in an open shed on succulent rations,
including silage, made more rapid and cheaper gains and attained
a higher finish than similar cattle fed in the same way in the base-
ment of a barn.

Along horticultural lines studies at the Missouri Station on the
dormant period of plants have shown that hard freezing or severe
drought will force the development of buds, and that anything that
will delay ripening will cause a prolonged resting period. Late
growth due to fertilizing and cultivation has resulted in heavy
crops of fruit where frosts destroyed those in orchards which were
permitted to mature in a normal manner. Peach trees pruned ac-
cording to the methods advocated by the station were made to
produce two additional crops in eight years. Last year the Jonathan
apple orchard on the horticultural grounds returned over $300 per
acre, while unsprayed Jonathan apples in the neighborhood had
almost no marketable fruit. In a demonstration experiment a
sprayed acre of Jonathan apples in a commercial apple orchard pro-
duced more marketable apples than the remaining 139 acres which
were not sprayed.

The Arizona Station has worked out two methods of artificial
ripening of dates, which will largely overcome the failure of the
fruit to ripen sufficiently early and its tendency to sour in damp
weather during the ripening period. One method depends upon
stimulation of the ripening process by chemicals at ordinary tem-
peratures; the other method consists in heating under controlled
conditions of moisture. Both methods are practiced and give a
finished product of high quality. The Arizona Station now recom-
mends the planting of Deglet Noor palms in the Salton Basin, along
the lower Colorado, and in southern Arizona up to the altitude of
1,200 feet.

After experimenting with orchard fertilizers for 15 years, the
New York State Station has concluded that commercial fertilizers
are of little benefit to young apple orchards growing on soils natu-
rally suited to apple culture, provided the orchards are well tilled,
well drained, and properly supplied with organic matter from stable
manure or from cover crops.

The entomologist of the Kansas Station has demonstrated the
practicability of high temperatures as an efficient method of control
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of insects in stored grains. The method has been successfully in-
stalled in several mills in the State. He has also shown that the
chinch bug winters in bunch grasses in Kansas, and that burning
over these areas materially reduces the attack of the chinch bug the
next year. In connection with inspection work carried on in co-
operation with the State horticultural department and provided for
by the State horticultural law, the Maryland Station discovered over
700 nests of the brown-tail moth in imported nursery plants and
destroyed them to prevent distribution.

- The New Hampshlre Station demonstrated the possibility of con-
tI'Ol]an' the black fly in the White Mountains by treating streams
where these flies breed with a suitable soluble oil, which kills the larvee
without injury to the trout in the stream.

The veterinary department of the Delaware Station, in coopera-
tion with the Bureau of Animal Industry of this department, has
produced a serum with which sheep may be protected against an
otherwise mortal dose of anthrax bacilli and an immediate passive
immunity produced. In an investigation of the strongyloid para-
sites of calves the South Carolina Station has found that their attack
may be avoided by keeping animals on other than low, moist pastures.

The Minnesota Station reports in its studies on stable ventilation
that the relative percentages of oxygen and carbon dioxid do not
seem to be of material effect, but that the confined air seems to in-
fluence the kidney secretions. It was observed during the year that
pigs from immune sows appear to be born with very high resistance
to cholera. This natural immunity was found to disappear gradu-
ally, but was sufficient up to at least 5 weeks of age to make it pos-
sible to inoculate such pigs with very high virulent blood with an
unimportant percentage of loss.

The California Station found that under California conditions the
use of bovo-vaccine seemed to produce some immunity against tuber-
culosis but to fail in protecting calves until 2% years old. It was
also found that tuberculosis spreads rapidly in cattle under strictly
outdoor conditions.

The dairy expert of the New York Cornell Station in his work
with the milking machine found that immersion of the milking parts
of the machine in a 10 per cent solution of common salt between milk-
ings was more efficacious than steaming. The germ content of the
‘milk was found to be determined largely by the efficiency of the air
filters of the machine.

The principles underlying the making of ice cream and the factors
which influence the process and the product were studied extensively
at the Vermont Station, and an epoch-making bulletin was issued on
the subject. The Iowa Station published a bulletin on a new and
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healthful frozen dairy product worked out by the dairy department
of the station, and named lacto.

In the Eastern States the work of the stations continues to indi-
cate the advisability and practicability of growing alfalfa in many
sections. Last year the New Jersey Station’s alfalfa field of 10
acres, seeded the year before, produced a total of 60 tons of hay.
The New York Cornell Station in studying the relation of lime to
the growth of this crop found that the protein content of alfalfa
grown on lime soil is markedly greater than that of plants grown
on soil in need of lime. In the particular experiments the difference
amounted to 88 pounds of protein per ton of alfalfa hay. It was
also observed that the growth of alfalfa increased the nitrifying
power of the soil for at least certain periods in the growth of the crop.

The Nebraska Station, in studies of the water requirements of
plants by a new method perfected by the station, has found in two
dry years that there was a distinct economy of water with narrow-
leaved corn as compared with broad-leaved. The strains with a
high leaf area yielded 43.6 bushels per acre, while those with a low
leaf area produced 52.1 bushels. The Delaware Station states that
a fall growth of crimson clover may furnish 50 to 100 pounds of
nitrogen per acre and be profitable even though the crop is winter-
killed, and that the first month’s growth in the spring usually
produced about one-third of the total yield of nitrogen. It was
determined that when the crop was removed 35 to 40 per cent of
the nitrogen was left in stubble and roots.

The New Jersey Station has worked out a bacteriological method
~of determining the availability of nitrogenous fertilizers which
promises to be of great practical value. It is based upon the rapidity
with which the nitrogen of such fertilizers is converted into ammonia
by bacteria.

THE AGRICULTURAL COLLEGES AND SCHOOLS.

The promotion of agricultural education has become a world-wide
movement. There is now scarcely a civilized country in which no
provision is made for specific practical instruction in agriculture,
and wherever governments are establishing universities they are pro-
viding as liberally for colleges of agriculture as for those of the lib-
eral arts and the professions. In this country many of the State
universities are indebted largely to their colleges of agriculture for

- their present liberal support and large attendance of students, and
some of them have actually grown within a few years from small
land-grant colleges to large State universities.

The past year has been one of the best in the history of the Ameri-
can agricultural colleges. They have had more liberal appropria-
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tions from their respective legislatures and a larger attendance of
students than ever before, and more of them have made provision
for reaching the farmer and his wife and children upon the farm
through the establishment of extension departments and the mainte-
nance of training courses in agriculture for public-school teachers.
Such courses were maintained in at least 46 of the agricultural col-
leges, and in 22 of them regular four-year courses for teachers were
offered.

The success of the agricultural colleges and their efforts for the
development of other educational agencies for the farmer have re-
sulted in the very rapid growth recently of secondary schools of agri-
culture and of departments of agricultural instruction in public high
schools. Several of the States have established complete systems of
agricultural high schools, while others have adopted the policy of
giving bonuses to existing high schools to encourage the establish-
ment and proper support of agricultural instruction. During the
year the legislatures in Maryland, New York, North Carolina, and
Wisconsin passed laws providing for State aid for such high-school
departments, and Minnesota and Virginia increased the amount of
money available for such purposes. Minnesota now provides $2,500
for each of 30 high-school departments of agriculture, home eco-
nomics, and manual training, and $1,000 for each of 50 other such
departments. There are 10 States that give aid for high-school
departments of agriculture.

In an advisory capacity this department is aiding the State author-
ities in the promotion of agricultural education by maintaining in the
Office of Experiment Stations a small agricultural education service,
which studies the various systems of agricultural education, investi-
gates methods of teaching agriculture, prepares publications for
teachers and others interested in promoting the educational efficiency
of the people living in the country, brings the large amounts of new
information on agricultural subjects published by the department and
the experiment stations to the attention of teachers and students, and
in general acts as a clearing house for agricultural education in this
country. In this way 22 different States were given special assistance

during the year.
FARMERS’ INSTITUTES.

The work of the department in aid of farmers’ institutes has con-
tinued under the direction of the Office of Experiment Stations, The
reports of the several States show that during the year 5,712 regular
institutes were held, consisting of 16,578 half-day and evening ses-
sions, with an attendance of 2,094,155. Special institutes, movable
schools, railroad specials, and other forms of agricultural extension
had an attendance of 1,323,793, making the total attendance upon
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all forms of institute activity 3,417,948, an increase of 484,704 over
that of the previous year.

THE DEPARTMENT’S INSULAR AGRICULTURAL EXPERIMENT STATIONS.

An eminently successful year has been reported by the stations
maintained by the department in Alaska, Hawaii, Porto Rico, and
Guam. The energies of these stations continue to be directed toward
the diversification and improvement of the agriculture of their re-
spective regions. These represent the widest extremes of agricul-
tural conditions, from the arctic agriculture of Alaska to the tropical
conditions of Hawaii, Porto Rico, and Guam, and present agricul-
tural possibilities of the greatest diversity. That these stations are
growing in the esteem and confidence of the people for whom they
are maintained is shown by the rapid growth in correspondence, in
the demand for publications, and in individual requests for advice
as well as in the readiness to engage in cooperative work of all sorts
and the increasingly generous private and community contributions
of funds. The scientific work of these stations is attracting wide
attention; their publications are noted in the principal scientific
review journals of the world, and in not a few instances have been
republished in foreign countries.

Through local contributions several additions have been made to
the cooperative demonstration farms maintained by some of the sta-
tions. These farms will furnish the means’of demonstrating the
more practical results of the stations’ work, while the more technical
experiments are carried out at the station proper.

THE ALASKA STATIONS,

The work at the agricultural experiment stations in Alaska has
been carried out during the year in accordance with the plans out-
lined in former reports. At Sitka horticultural and plant-breeding
work is given prominence. At Rampart the principal work ig in
testing and breeding varieties of grain and in experiments with
potatoes and hardy leguminous plants. Farming on a commercial
scale as it must be practiced by settlers is carried on at Fairbanks,
and at Kodiak breeding and care of live stock are the principal in-
vestigations. For the present this work is confined to cattle and
sheep. The work with hybrid strawberries at Sitka has been con-
tinued with marked success and this station continues to propagate
and distribute for trial a large number of fruit trees and bushes,
and some ornamental plants. Comparative tests of about 60 varie-
ties of potatoes, and of many varieties of cabbage, cauliflower, and
other vegetables are being continued at the Sitka station to determine
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which varieties are best adapted to the climatic conditions of the
coast region.

At the Rampart Station efforts to grow barley and oats have been
uniformly successful and a number of crosses of varieties of barley
have been made, some of which appear to have desirable qualities.
Most of the spring-sown grains matured their crops this year. Some
of the winter grains were partially destroyed by hard freezing before
the ground was covered with snow. Potatoes have also been grown
with success at this station. At the Fairbanks Station an attempt
is being made to grow grain, hay, and potatoes on a commercial scale,
but up to the present the principal energies have been expended in
extending the area of cultivable land, about 70 acres being now
under the plow. In 1910, in spite of injury to the plants by frost,
several hundred bushels of potatoes were produced, of which $1,500
worth was sold. At the Kodiak Station, which is devoted mainly
to animal production, 82 head of purebred Galloway cattle of all
ages, 10 grade cattle, and 89 sheep and lambs were successfully win-
tered on native forage supplemented by a small amount of purchased
grain feed, and there does not appear to be any reason why stock
raising should not be made a success in the coast region of Alaska, if
care is exercised in selecting the stock and keeping it well housed and
fed during the winter.

THE HAWAII STATION.

At the Hawaii Station the investigations outlined in previous
reports have been continued and a number of new lines of work have
been begun. The work with cotton continues to attract favorable
attention, and it would seem that the profitableness of this new
agricultural industry has been demonstrated. The Japanese rices
imported by the station have been successfully grown, and samples
submitted to rice consumers have been pronounced equal in quality to
the imported Japanese rice. The importance of this fact is apparent
when it is known that one-half to 1 cent per pound more is paid
for Japanese than for other rice. Fertilizer experiments with rice_
and taro have given results which show how important improve-
ments may be made in the methods of fertilizing these crops. In
continuation of the work with pineapples, it has been shown that the
chief difficulties with this crop are due to a lack of drainage and in
certain restricted localities to too much manganese in the soils. It
has also been found that pineapples can be profitably grown in -
Hawaii with less rainfall than has hitherto been thought necessary.
Experiments with broom corn at the station were so successful that
this crop is being planted to some extent and a broom factory has
been established in Honolulu. The station has carried on a number
of experiments with various tropical fruits, and among other things



REPORT OF THE SECRETARY. 141

has worked out a very successful budding method for avocados, has
demonstrated the possibility of the orchard production of the papaya,
and has aroused interest in improved methods of banana culture. In
view of the shortage of forage in the islands the station is encourag-
ing the culture of forage plants, especially with reference to ranch
conditions. During the year the station established with Territorial
funds 3 demonstration farms, 1 on Kauai and 2 on Hawaii. Similar
farms are to be established elsewhere.

THE PORTO RICO STATION.

The Porto Rico Station has made substantial progress during the
vear both in equipment and in lines of work, and there is evidence
‘that the relations of the station with the people of Porto Rico are
most satisfactory. In accordance with the terms of the last appro-
priation act, coffee investigations were made a more extensive part of
the station work during the year. The introduction of the higher-
priced coffees into Porto Rican culture has been continued and some
of the Java varieties are coming into bearing. Some 3-year-old trees
have borne at the rate of 800 pounds merchantable coffee per acre,
while the average of the island is only about 200 pounds per acre.
Considerable attention has also been given to the study of the means
of control of various insects and diseases to which the coffee plant is
subject. The horticultural work of the station was considerably ex-
tended and included investigations on grafting stocks, fertilizers,
and cover crops for citrus fruits. Especial attention was given to
the introduction and propagation of the better varieties of mangoes,
more than 40 varieties having been’ introduced from various tropical
countries. The work in animal husbandry was also broadened and
now includes horse breeding to improve the size and conformation
of the horse, breeding for work oxen and dairy cattle, as well as the
introduction and breeding of hogs, sheep, and poultry. Preliminary
investigations on the production of forage have been begun, and a
variety of sorghum introduced from Barbados has given heavy yields
on dry, hilly lands. The work in making and feeding silage was
continued, and it appears that good silage can be made with less
difficulty in Porto Rico than in a temperate climate. An investiga-
tion showing that chlorosis in pineapples, which prevails in the
island, is due to an excess of carbonate of lime in the soil was com-
pleted during the year. This work furnishes a valuable basis for the
selection of soils for pineapples.

THE GUAM STATION.

Although much of the work done at the Guam Station during the
year was of a preliminary character, such as the construction of new
buildings, building of roads, clearing and draining of lands, ete.,
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various field operations were also successfully carried on. The lead-
ing work of this station continues to be the production of feed and
forage preliminary to experiments on the improvement of the live
stock of the island and includes experiments with corn, various
grasses, and leguminous forage plants. The experiments have dem-
onstrated the superior value of Para grass, Paspalum dilatatum,
Guinea grass, and several nonsaccharin sorghums as forage plants,
Of the leguminous plants under observation, the pigeon pea, jack
bean, and common peanut have given promise of success. Much
work was carried on with vegetables, in many cases with very prom-
ising results. One of the most striking achievements of this station
is the introduction of the Smooth Cayenne pineapple from Hawaii.
Various other fruits besides a number of miscellaneous plants have
been introduced and are being tested by the station. Plans have
been perfected for undertaking experiments on the improvement of
the live stock of the island, which is now of very low grade, and 6
head of Morgan horses, 5 of Ayrshire cattle, 4 Berkshire hogs, and
some poultry were shipped to Guam by Government transport in
September. There is a growing interest in the work of the station,
which has been greatly promoted by the cordial cooperation of the
local authorities.

DESIRABILITY OF ESTABLISHING STATION AT TUTUILA.

The attention of the department has been called by the naval
Governor of Tutuila to the desirability of establishing an agricul-
tural experiment station on that island. This and the adjoining
Manua Islands of the Samoan group came into the possession of the
United States in 1899. The people are mainly engaged in agricul-
ture, copra, the dried flesh of the coconut, being their only market-
able product. The coconut beetle, a very destructive pest, is said to
be present on neighboring islands, and its appearance on Tutuila
would probably be followed by the destruction of the copra industry
so far as that island is concerned. The establishment of an experi-
ment station with men trained along the lines of modern agriculture
would aid materially in preventing its introduction and also would
demonstrate the advantages of more diversified agriculture.

IRRIGATION INVESTIGATIONS.

The Office of Experiment Stations has maintained its former lines
of irrigation investigations with such modifications as have been
necessary to best meet the changing conditions and the new prob-
lems. The work has been conducted chiefly along three lines: (1) In-
vestigations and experiments to ascertain better methods of apply-
ing water and of preventing wastes through seepage, evaporation,
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and overapplication, to determine the effects of irrigation upon the
yield and quality of crops, and to obtain data as to power and pump-
ing; (2) the collection of data and publication of bulletins and
circulars on methods of applying water to different crops, the irri-
gation possibilities and conditions in different sections of the arid
West, and pumping; (3) the furnishing of prospective settlers
with information concerning different localities and advising new
and old settlers in irrigated sections in regard to the methods best
adapted to their individual needs and how best to use their water
supplies. This last line of work has occupied the greater part of
the time of the 10 agents of this office detailed to have charge of the
work in the various Western States and Territories.

The investigations and experiments regarding seepage from canals,
evaporation from irrigated soils, and the most economical amount
of water to use on different crops in different localities have all been
continued and have had a noteworthy effect in reducing the losses
of water due to the wasteful methods too commonly practiced. The
demonstration farms at Davis, Cal.; Gooding, Idaho; Cheyenne and
Newcastle, Wyo., and Eads, Colo., have also exerted a great influ-
ence by giving irrigators of those sections actual demonstrations of
the best methods of applying water.

DRAINAGE INVESTIGATIONS.

Among the most important drainage investigations of the year
have been those pertaining to the reclamation of tidal marshes. The
growing population and the scarcity of good upland farms, par-
ticularly in the Atlantic Coast States, have caused search to be made
for any uncultivated lands that could be made profitable for agri-
culture. It is not surprising, in view of the richness of European
lands reclaimed from the sea, that attention early turned toward
the salt marshes. On account of the interest aroused in this work,
a thorough investigation has been made by this office. Four large
tracts of drained tidal marsh on the Delaware River have been
minutely studied, with the view of determining the kind of marsh
lands that might be profitably reclaimed, the special requirements of
the protective and drainage works, the causes of past failures, the
treatment of the soil to fit it for dry-land crops, the kind of
crops best suited to newly reclaimed marshes, the cost of reclama-
tion, and the profitableness of the reclamation. Very full data
were obtained on nearly all these points. The investigations along
the Delaware River were supplemented by examinations of re-
claimed lands on the coast of New England, Nova Scotia, and New
Brunswick.
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NUTRITION INVESTIGATIONS.

In continuing studies of the nutritive value of animal and vegetable
products used as food, attention has been directed particularly to two
lines of work, namely, the use of cheese and other materials as pos-
sible substitutes for meat in the diet, and the adaptation of the respi-
ration calorimeter to studies of physiological changes in vegetable
products, particularly with reference to the changes which bananas
undergo during the active ripening period.

The work with cheese and other meat substitutes has involved respi-
ration calorimeter experiments on the relative ease of digestion of
cheese and meat, as well as more practical experiments, the general
conclusion being that if a housekeeper so desires it is possible to pre-
pare a well-balanced dietary in which cheese and other foods may be
used wholly or in part in place of meat. The question has been dis-
cussed at length in an article in the Yearbook, while much related
information on the use of cheese in the diet has been prepared for
publication as a Farmers’ Bulletin.

Particularly interesting is the adaptation of the respiration calo-
rimeter to the study of problems of vegetable physiology, and the
results obtained in a series of experiments carried on in cooperation
with the Bureau of Chemistry on the respiration and energy output
of bananas during the active ripening period. Not only have the
results provided facts of great value in connection with studies of
ripening fruit which the department is carrying on, as well as facts
of theoretical interest, but they have also shown that the respiration
calorimeter offers a new means for studying problems of vegetable
physiology which are of great importance to the producer and ship-
per of agricultural products, the warehouseman, and those who store
products in the home, as well as to the student interested in the study

of technical questions.

OFFICE OF PUBLIC ROADS.

THE EVOLUTION OF THE ROAD PROBLEM,

The United States is in the midst of a national readjustment with
regard to road improvement. The rapidly changing traffic conditions
have necessitated equally radical departures from the old methods of
road construction and maintenance. Methods which but a few years
ago were considered entirely satisfactory and firmly established, both
in theory and practice, are now often found to be entirely inadequate.
In road administration the old principle of extreme localization is
fast giving way to new systems involving the principle of centraliza-
tion and fixed responsibility. A great deal of careful scientific, as well
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as educational, work is needed in order to solve correctly the many
difficult problems which have arisen in regard to the administration,
construction, and maintenance of our public roads. This work should
prove of the greatest value to the whole country.

OBJECT-LESSON AND EXPERIMENTAL ROADS.

The questions which confront road builders vary greatly with local
conditions. Instruction in the art of road building to be of real prac-
tical value must be adapted to the peculiar conditicns of each locality.
Such instruction is given by the Office of Public Roads through the
medium of object-lesson roads, built at local expense. During the
past fiscal year roads were built in 52 places, involving an expendi-
ture of approximately $120,000 by the local authorities. The types
of road construction included sand-clay, earth, gravel, oiled gravel,
plain macadam, bituminous macadam, oil concrete, and slag asphalt.
When it is considered that each of these 52 object-lesson roads con-
stitutes a practical school of applied road building, it must be evident
that this feature of the department’s work is a powerful factor in the
great Nation-wide movement for the betterment of our public roads.

ADVISORY WORK.

For the purpose of giving expert advice concerning specific problems
in road work 183 special assignments covering 30 States were made.
This work related to such varied subjects as construction of various
types of road, surveys, use of prison labor in road work, bridge
construction, road maintenance, use of the split-log drag, road ma-
terials, effect of automobiles on roads, issuance of bonds for road
improvement, road drainage, and other work along similar lines.
This is most positive evidence of the wide usefulness of this office, and
shows also how generally local communities have come to look upon
the Office of Public Roads as a body of consulting engineers and
experts capable of offering effective and reliable advice concerning
difficult and special problems which are not easily handled by the
local authorities.

MODEL SYSTEMS.

Work under the project of model systems has shown a most won-
derful increase during the year. Assistance along these lines has
been given to 14 counties in 8 States, as against 3 counties in 1910.
This is work of the most useful and permanent character. It in-
volves a thorough investigation of the entire road system of the
county with regard to location, materials, systems of construction,
maintenance, and administration. In fact, every feature bearing
on the practical improvement and future maintenance of the roads
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of the county is considered, and a practical working scheme for the
present as well as future betterment and maintenance is drawn up
and given to the proper authorities.

LECTURES, ADDRESSES, AND PAPERS.

Lectures, addresses, and papers form an important part of the
educational work of the Office of Public Roads, which has been
greatly increased during the year. These lectures are in almost all
cases given by the men who direct the investigative work and the
construction and maintenance of the object-lesson roads, and are
therefore of a practical and instructive character. During the year
723 lectures and addresses were given in 85 States, as compared with
528 for the previous year. These lectures had a total attendance of
over 200,000, a large majority of whom were farmers.

INSTRUCTION IN HIGHWAY ENGINEERING.

The project for the instruction of engineer students in practical
methods of road construction and maintenance has been enlarged and
improved during the year. The plan provides for the appointment
each year of graduate engineers to the position of civil-engineer
student. The course of instruction covers one year, during which
the student receives a most thorough training in all branches of the
work. The Office of Public Roads is in constant receipt of requests
from States, counties, and townships to recommend competent young
engineers to take charge of road improvement. During the year 12
engineers, constituting a very considerable percentage of the total
number, resigned to take up work in various parts of the country.

While the work of the office is to a certain extent handicapped by
this constant drain, it is believed that the benefit derived by the
country in general through the distribution of properly trained
highway engineers in the various States and counties is so great as
to vindicate the wisdom of this project. While the object-lesson
work is an excellent example in any community, it lacks the living,
dynamic force which the capable, progressive engineer exerts con-
tinually from year to year on the movement for better roads in all
of its varied phases.

HIGHWAY BRIDGES AND CULVERTS.

During the year a bridge section has been established in the Office
of Public Roads. The need for better culverts and bridges for our
public highways is becoming evident from the point of view both of
economy and of safety. One of the peculiar difficulties encountered
by the local communities with regard to bridges and culverts is that



REPORT OF THE SECRETARY. 147

the great majority of these structures are comparatively small, so
that those in responsible charge do not feel warranted in incurring
the expense incident to the employment of skilled engineering assist-
ance. Requests are continually being received for information
concerning the use of concrete and other materials for bridges and cul-
verts. Such information is being collected and disseminated. One
bulletin dealing with this subject has already been published and
others are in course of preparation. The published information is
supplemented by personal inspection, advice, plans, and superin-
tendence by the engineers of the office when request is made through
the proper local authorities.

TESTING OF ROAD MATERIALS.

In the routine testing and examination of road materials great
progress has been made along established lines. The total number
of samples tested during the year was 685, which were received from
a widely distributed area, including 42 States and Territories, Porto
Rico, Canada, and Germany. During the year 324 samples, mostly
bitumens, were received for examination in the chemical laboratories.
This is nearly twice the number examined during the previous year,
and more than four times the number examined in 1909. Much
valuable work has also been done in standardizing methods of test-
ing and examining road binders and other materials. It has been
found that the addition of a small proportion of cement to blast-
furnace slag screenings increases the cementing properties very
greatly. These investigations will be continued both in laboratory
studies and in service experiments in the field during the coming year.
Research work in concrete has been carried on with increased vigor.
These investigations include a study of oil-mixed cement concrete,
principally with reference to its road-building and water-proofing
properties, and also a study of the expansion and contraction of con-
crete while hardening, a subject of much importance in connection
with concrete pavements.

INVESTIGATION OF ROAD BINDERS AND DUST PREVENTIVES.

Investigation of the problems of dust prevention and road pres-
ervation has occupied much attention during the year. Commend-
able progress has been made in the several lines of work. Demand
for specifications covering the various types of bituminous binders
and bituminous road construction is continually increasing. During
the year 81 sets of specifications were furnished, on request, to
officials in 20 different States, and also to the Reclamation Service,
the Navy Department, and the War Department.
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Many worthless road preparations have been and are still being
manufactured and sold to the public through ignorance on the part
of both the producer and consumer with regard to the character-
istics of such materials requisite to meet local conditions. These
materials are sold under trade names, and as a rule carry no valid
guaranty of quality. Correct specifications for such materials are,
therefore, much needed for the protection of the public.

The influence of the work already done by the office along these
lines is shown in the production of better and more uniform materials
on the part of the manufacturers.

While great progress has been made in the improvement of
methods of bituminous road treatment and construction during re-
cent years, the subject is still in a stage of development. For this
reason the work carried on by the office is of the greatest value to
the country in general. Tests and methods of analysis are being
standardized, and the behavior of the various materials in actual
use is being more definitely determined, while the development of
economic and practical methods of construction suitable for various
local conditions is being perfected. Much research work along these
lines has also been carried on, and will be continued during the
coming year. These cover such subjects as the effect of various
methods of distillation on the physical and chemical properties of
tars, investigations on the economic utilization of various coke-oven
tars in the preparation of road binders, studies on the effect of light
and the effect of weathering on various bituminous materials, and
other allied subjects.

STATISTICAL AND ECONOMIC INVESTIGATIONS.

An investigation completed during the year shows that the total
road mileage of the United States, exclusive of Alaska and insular
possessions, is 2,210,857 miles, of which only 187,910 miles, or 8.49
per cent of all our roads, are improved. But in 1904 only 153,531
miles, or 7.13 per cent of our public roads, were improved. Thus in

_ the five-year period 1904-1909 the increase in the mileage of our im-
proved roads has been 34,379 miles. Investigations to ascertain the
economic effect of road improvements on rural communities were
begun in 1910 and carried on during the past year. These investiga-
tions give promise of exceedingly valuable data and will be continued
during the coming year. Investigations dealing with road adminis-
tration and road management have been inaugurated during the year.
Tt is believed that when these investigations are completed and pub-
lished they will result in the complete reorganization of the present
system of road administration in many communities throughout the
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country. Information is also being collected in regard to taxation,
bond issues, and the use of convict labor in road building. This work
will be continued during the present year.

EXHIBITS AND ROAD-IMPROVEMENT TRAINS.

Another important feature of the educational work of the office
during the year was the road exhibits displayed at Knoxville, Tenn.,
during the Appalachian Exposition, and also at Chicago, I1l., during
the National Land and Irrigation Exposition. These exhibits at-
tracted so much attention at these expositions that various railroad
companies applied to the office for the privilege of installing them on
cars where they could be shown at the principal towns along their
lines. An arrangement was accordingly made with the Pennsylvania
Railroad, the State Highway Department of Pennsylvania, and the
Pennsylvania State College to cooperate with the office in operating a
road-improvement train throughout the State of Pennsylvania. The
train carried an exhibit car, which contained not only the models
referred to above, but also a large number of enlarged photographs
and pictures illustrating various features of the road subject, together
with a lecture car, in which illustrated lectures were given at each
stopping place. Two other cars were provided with exhibits of mod-
ern road-building machinery. Another similar train was started
May 1, 1911, over the lines of the Southern Railway. The success
of this project is shown by the fact that during the year approxi-
mately 65,000 people attended the lectures and viewed the exhibits.
This work will be continued along similar lines during the coming

year.
OIL-MIXED CEMENT CONCRETE.

A very important discovery, that of oil-mixed cement concrete,
was made during the fiscal year 1910. ILaboratory and service in-
vestigations show that the Portland cement concrete of everyday
use may be rendered waterproof at very slight extra cost simply by
the addition of residual mineral oil. The possibilities for an in-
creased and more efficient usefulness of concrete by the application
of this method of damp-proofing are manifestly numerous.

A public patent, which has aroused much interest throughout the
country, has been granted to Mr. L. W. Page, Director of the Office
of Public Roads, for mixing oil with Portland cement concrete and
hydraulic cements giving an alkaline reaction, so that anyone may
use this process without the payment of royalties.
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The crop year 1911 has been one of extremes. Light rainfall and
high temperatures reduced the magnitude of many of our crops, and
this reduction increased the price. The cotton crop was above the
average and its price declined heavily.

The study of agriculture is progressing along scientific and prac-
tical lines and the work done indicates better mental equipment.

While the total values of crops in 1911 are not so high as in 1910,
there is great abundance for all purposes. I am gratified to see the
beet-sugar tonnage reach nearly the 600,000 figure. It indicates that
we can make our sugar. We still buy nearly $100,000,000 worth of
sweetening.

Respectfully submitted.
James WiLson,
Secretary of Agriculture,

WasHingroN, D. C., November 25, 1911.

\



SEAMAN ASAHEL KNAPP.

By BEVERLY T. GALLOWAY,
Chief, Bureau of Plant Industry.

Seaman Asahel Knapp (see frontispiece) was born at Schroop,
Essex County, N. Y., December 16, 1833, and died in Washington,
D. C., April 1, 1911. He received his early education at select
schools and at the Troy Conference Seminary, located at Fort Ed-
ward, N. Y. .After finishing at the seminary he entered Union
College, at Schenectady, N. Y., from which he graduated with the
degree of A. B. in 1856. From that time until 1863 he was engaged
in educational work. At first he was professor and associate presi-
dent of the Troy Conference Seminary, and later he was associated
in the management of what was known as the Ripley Female College,
located at Poultney, Vt.

Through an injury received in the early sixties, Dr. Knapp’s
health became much broken, and he was advised to seek another
climate. In 1866 he moved west and settled on a farm in what was
known as Big Grove, Benton County, Iowa, not far from Vinton,
the county seat. His health continuing poor, he was compelled to
move to Vinton but still retained his farm. In 1869 he was elected
superintendent of the State College for the Blind, located at that
place. In 1874 he resigned this position and again engaged in farm-
ing. He began the raising of general crops together with live stock,
‘principally Berkshire hogs and Shorthorn cattle, and was a member
of the first Jowa Fine Stock Breeders’ Association.

In the latter part of the seventies Dr. Knapp began, in Cedar
Rapids, Towa, the publication of a farm journal known as “ The
Western Stock Journal and Farmer.” Through the medium of this
paper and in other ways he pointed out to farmers the importance
of producing more stock and the necessity of getting away from.the
one-crop idea. About this time he became acquainted with James
Wilson, the present Secretary of Agriculture, who was then engaged
in farming in Tama County.

In the fall of 1879 Dr. Knapp was elected professor of agriculture
at the Towa State Agricultural College, as it was then called, located
at Ames, Jowa. In 1884 he was elected president of the college.
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During his term of office there was established for the first time in
the history of the institution a course in agriculture, and the first
graduates in agricultural classes finished their course during Dr.
Knapp’s incumbency. A number of men who graduated during his
term of office have become prominent in the agriculture of this
country.

In 1886 Dr. Knapp resigned the presidency of the college and went
to Lake Charles, La., to accept a position in connection with a large
corporation engaged in the agricultural development of the south-
western part of Louisiana. This whole region at that time was one
vast cattle range, and very few crops were grown. Dr. Knapp saw
and appreciated the possibilities of the country and began in an ener-
getic way to call the attention of the northern people to the region.
In this work he was very successful, thousands of families moving
down from the States of Iowa, Illinois, and Indiana and taking up
farms, which resulted in the development of prosperous communities.

Dr. Knapp made a feature of rice growing, extending his work in
this field into Texas and other adjacent States. He was engaged in
work of this character for nearly 12 years, in the meantime doing
much to advance agriculture by assisting at farmers’ institutes, writ-
ing many agricultural articles, and organizing societies and associa-
tions, all with the object of advancing the farmer.

The rapid development of the rice industry in southern Louisiana
and Texas brought about the need for improved varietiés, especially
in connection with milling- operations. With a view to helping the
rice farmers, Dr. Knapp was authorized by Secretary Wilson in 1898
to visit Japan, China, and the Philippine Islands as an agricultural
explorer for the purpose of securing all available information re-
garding rice varieties, rice production, and rice milling. The result
of this work was the introduction of Japanese rice and a number of
improvements in growing the crop which have been instrumental in
greatly enlarging the rice industry. After his return much attention
was given to building up the rice work, organizing the rice farmers,
developing the mills, and in this way increasing the wealth of the
region. .

Dr. Knapp was for a number of years president of the Rice
Growers’ Association of America. In 1901 Secretary Wilson again
sent him to the Orient for the Department of Agriculture, and
in 1902 he was sent to Porto Rico to make a special report with
regard to the agricultural resources of that island.

In all of his earlier work in the South Dr. Knapp recognized the
great importance of diversification, and about 1902 his ideas in this
direction began to crystallize. In conjunction with the writer sev-
eral visits were paid to the Gulf States with a view to inaugurating
a line of work looking toward the encouragement of diversification.
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As a result of this effort a number of demonstration farms were es-
tablished, the plan being to use these farms for the purpose of illus-
trating what could be done in growing crops other than cotton.

In 1903 the Mexican cotton boll weevil began to attract widespread
attention in the South, and despite all that had been done it was seen
that heroic efforts would be necessary to allay the fears of the
farmers, especially those in Texas, whose crops had for one or two
years been practically destroyed by the pest. In the fall of 1903 the
writer, in company with the honorable Secretary and Dr. Knapp,
visited the region infested by the weevil and after thoroughly can-
vassing the situation it was determined to request an appropriation
of $500,000 to meet its ravages. The sum of $250,000 was finally
appropriated for the purpose, half of which was placed at the dis-
posal of the Bureau of Entomology and half assigned to the Bureau
of Plant Industry.

In the light of the former work of Dr. Knapp in the South it was
decided that he should have charge of an important branch having for
its object the bringing home to the farmer on his own farm informa-
tion which would enable him to grow cotton despite the presence of
the weevil. Thus was inaugurated the Farmers’ Cooperative Demon-
stration Work, with Dr. Knapp in charge. It was announced at the
time that the object and scope of the work would be to show by actual
demonstrations on the farmer’s own farm the value of better cultural
methods, the value of good seed, and the value of practicing a few
simple principles in growing a crop of cotton despite the weevil. It
was further pointed out that to carry on this work thoroughly and
effectively would require a corps of men familiar with cultural con-
ditions in the South and who would have the knowledge and ability
to so direct it that the farmer would learn the great lesson of how
to help himself. The methods were rapidly crystallized and sim-
plified and have been applied in practically all the Southern States.
At the inception of the work Dr. Knapp had but few assistants, but
under his able management additional funds were secured and at the
time of his death, in April, 1911, hundreds of experienced agents
were employed, scattered throughout the South from Virginia to
Texas. So great has been the recognized benefit of this work that
funds from many other sources than that of the Government have
been contributed. From the beginning of the work until the day of
his death, Dr. Knapp kept in close touch with every phase of it.
He was the leading spirit and inspiration at all times.

Dr. Knapp began his great work at an age when most men are
thinking of retiring from active business, and he did so, not because
of any personal advantage which might accrue, but solely because of
his great desire to see southern agriculture occupy the position to
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which it is justly entitled. In his death the South has lost one of
its most useful and sincere friends, who sacrificed ease and comfort
in order that he might help to work out the serious problems con-
fronting the farms of that region.

Numerous messages and resolutions of condolence and sympathy
have been received by his family. Among the organizations which
have forwarded such resolutions may be mentioned the Committee
on Agriculture of the House of Representatives, the Rice Association
of America, the United Agricultural Board of Virginia, and the
North Carolina College of Agriculture and Mechanic Arts.



OUR MID-PACIFIC BIRD RESERVATION.

By HENRY W. HENSHAW,
Chief, Bureau of Biological Survey.

THE NEED FOR BIRD RESERVATIONS.

The spread of civilization and the utilization of wild lands, added
to the destruction of animals for food, adornment, clothing, and
sport, threaten the very existence of many species of native birds
and mammals. The necessity of regulating the killing of game was
perceived early in our colonial history, and even the need of caring
for our insectivorous birds found recognition about 1850. Only in
comparatively recent years, however, has the importance been recog-
nized of protecting the large class of birds which, although they do
not destroy insects or other creatures inimical to agricultural inter-
ests, are nevertheless worthy of preservation because of their beauty,
grace, and harmlessness. If such birds add nothing to our material
wealth, they beautify the world and greatly increase the joy of
living.

Though by no means the first to recognize the importance of pro-
tecting its wild life, the United States has taken a leading place
among the nations of the world in this respect. One of the most
efficient of the conservation measures adopted by the Government is
the setting apart here and there of islands and sterile tracts of land,
worthless for other purposes, upon which our native wild birds and
mammals may live and perpetuate their kind for the pleasure and
profit of our own and future generations.

NUMBER OF BIRD RESERVATIONS.

The National bird reservations under the care of the Department
of Agriculture already number 51 and play a very important part in
the preservation of our wild game and birds. One of the most
unique and interesting of these is the Hawaiian Islands Bird Reserva-
tion in the mid-Pacific (fig. 1), which, at certain seasons of the year,
harbors millions of sea fowls that repair thither to establish rookeries
and rear their young. The following is the executive order setting
apart this refuge:

ExzcuTIVE OrDER No. 1019.

It is hereby ordered that the following islets and reefs, namely : Cure Island,
Pearl and Hermes Reef, Lysianski or Pell Island, Laysan Island, Mary Reef,
Dowsetts Reef, Gardiner Island, Two Brothers Reef, French Frigate Shoal,
Necker Island, Frost Shoal and Bird Island, situated in the Pacific Ocean at
and near the extreme western extension of the Hawaiian Archipelago between
latitudes 23° and 29° north, and longitudes 160° and 180° west from Green-
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wich, and located within the area segregated by the broken lines shown upon
the diagram hereto attached and made a part of this order, are hereby re-
served and set apart, subject to valid existing rights, for the use of the De-
partment of Agriculture as a preserve and breeding ground for native birds.
It is unlawful for any person to hunt, trap, capture, wilfully disturb, or kill
any bird of any kind whatever, or take the eggs of such birds within the limits
of this reservation except under such rules and regulations as may be pre-
seribed from time to time by the Secretary of Agriculture. Warning is ex-
pressly given to all persons not to commit any of the acts herein enumerated
and which are prohibited by law.

This reservation to be known as the Hawaiian Islands Reservation.

THEODORE ROOSEVELT.
TYHE WHITE HoUSE, February 3, 1909.
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F16. 1.—Hawaiian Islands Reservation for protection of native birds, Territory of Hawalii,
embracing reefs and islets segregated by the broken lines and designated “ Hawaiian
Islands Reservation.”

This refuge consists of a dozen or more islands, reefs, and shoals
that stretch westward from the archipelago proper for a distance
of upwards of 1,500 miles toward Japan. The average distance
between them is something like 100 miles. Some of them, like
Necker, Bird Island, and French Frigate Shoal, are masses of vol-
canic rock thrust up out of the ocean and so steep and rugged as
generally to be inaccessible to anything without wings. Others are
little more than diminutive sand spits, snatched from the grasp of
ocean by the aid of coral animals. Still others are larger, and a
few, like Laysan, being covered with sandy soil, are clothed with a
more or less flourishing growth of shrubs, vines, and grasses.

BIRDS AS CARRIERS OF SEEDS.

The sources of the vegetation and the means by which the seeds of
plants and shrubs were originally transported to these distant ocean-
girt islands, thousands of miles from the nearest mainland, are a most
inviting field of speculation. The winds are capable of conveying
minute seeds to great distances, and favorable ocean currents also
"materially aid as plant distributors. Birds, however, are doubtless
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the most important of nature’s seed carriers. Viscid and hooked
seeds attach to their plumage, or seeds may be carried in smears of
earth or mud on feathers, bill, or feet. Such seeds may be trans-
ported indefinite distances and, once in a thousand years or so,
dropped on soil favorable to growth. The members of the most
recent expedition to the island, the Nutting party in 1911, were espe-
cially requested to examine carefully all their specimens of Laysan
birds for the presence of seeds, and actually found attached to the
foot of a Laysan albatross a seed of a species of the bean-caper
family, which is generally distributed in the South Sea islands. So
far as known the plant does not grow on Laysan, and had this seed
chanced to fall in a favorable spot the flora of the island might have
been enriched by another species. A still more striking instance of
a bird acting as a carrier of seeds was observed several years ago
by Mr. Bryan on Marcus Island, where he found no fewer than 40
seeds of a tree of the madder family adhering to the feathers of a
shearwater. These and other similar facts show how the flora of
oceanic islands may be transported by birds from island to island or
from continents to distant shores.
RABBITS AS A MENACE TO VEGETATION.

Unfortunately, rabbits were introduced into Laysan a few years
ago, and now they threaten the very existence of the island vegeta-
tion. Thus Mr. Bryan reports that many plants abundant at the
time of his former visit in 1903 had completely disappeared hy
1910. Others, though still living, showed the marks of girdling by
the hungry rodents, a sure indication of their impending fate. Tf
found impracticable to exterminate these mischievous mammals, it
is hoped so to reduce their numbers as to render them incapable of
much harm. The destruction of the island vegetation would be
unfortunate for the bird reservation for many reasons, especially
as it would end most of the insect life upon which depends the exist-
ence of the land birds and greatly reduce the number of breeding
sea birds, several species of which nest in bushes or on trees. The
shrubbery is necessary also to protect young birds from the rays of
the burning sun.

THE NUTTING EXPEDITIO}‘T OF 1911.

When the Iowa State University requested the cooperation of
the Department of Agriculture for the purpose of securing for its
museum representative groups of Laysan birds, the opportunity was
welcomed, since it enabled the department to obtain an authentic
report on the present condition of the avian colonies on the island
as a basis for protective measures. The expedition, composed of 5
persons, was organized, though not accompanied, by Prof. C. C.
Nutting, and by him placed under the immediate charge of Prof.
Homer R. Dill. Prof. William A. Bryan, of the Oahu College,



158 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

Honolulu, accompanied the party as a representative of the Depart-
ment of Agriculture, and his services were particularly valuable,
as he was able to compare present conditions with those obtaining
at the time of his former visit, 8 years before. The party landed
on the island April 24, 1911, and remained until June 5. The pres-
ent paper is largely the result of the observations made by this
expedition.
HISTORY OF LAYSAN ISLAND,

Laysan is the most important island of the group on account of
its size, the extent to which it is covered with vegetation, and the
fact that it is the only island of the chain which is inhabited by
land birds. Its known history is brief. It was named Moller Island
in 1828 by Capt. Sanikowitch, after his ship, in ignorance, ap-
parently, of the fact that it had been previously discovered by an
American ship. In 1834 a brief account of the island and its birds
was published in the Museum Senckenbergianum Abhandlungen by
the well-known traveler and ornithologist F. H. von Kittlitz. He
never visited the island, but obtained his data from the lips of Dr.
C. Isenbeck, ship doctor of the Moller, who made a small collection
of the island birds. In 1859 Capt. Brooks visited Laysan and
in his interesting account reported, among other things, the presence
on the island of 5 palm trees 15 feet high. These were probably
the same species as the ones on Bird Island and also the one in-
digenous to the Hawaiian Islands proper (Préitchardia gaudechaudii).
Schauinsland found only the stumps in 1896, and even these have
since disappeared. Capt. Brooks collected 25 species of plants on
the island. He also noted the presence on the shores of numbers of
logs, drift from the northwest coast of America, more than 2,000
miles away. In 1891 Henry Palmer was sent to the island by Hon.
‘Walter Rothschild and made a collection of its birds. Schauinsland’s
visit of three months followed in 1896, and his account, published
in Ornithologische Monatsberichte in 1899 and in his Drei Monate
auf einer Koralleninsel, contains many extremely interesting notes
on the island birds. As Schauinsland records 26 species of plants
it is evident that the flora of the island had not diminished in the
37 years following Brooks. The visits of Walter K. Fisher and
W. A. Bryan followed in 1902 and 1908, and their valuable and
interesting accounts bring the ornithological history of the island
down to the date of the visit of the party in 1911 under the coopera-
tive direction of the University of Iowa and the Department of

Agriculture.
DESCRIPTION OF LAYSAN ISLAND.
Laysan is a raised coral atoll, doubtless on a volcanic base, about
2 miles long by 13 broad, and in shape has been likened to a shallow
platter (fig. 2). Its highest part is toward the north, where its
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height does not exceed 30 feet above the sea. Its central lagoon,
now unconnected with the ocean, covers about 100 acres. Not far
from this lagoon is a pond of fresh or slightly brackish water, which
is a favorite haunt of the Laysan teal and the bristle-thighed curlew.

THE LAND BIRDS OF LAYSAN ISLAND.

Though apparently not offering a very inviting permanent home
for land birds, a number of these and one duck, waifs from more
favored regions, have found their way here and become residents.
The duck, though a distinct species, is closely akin to the Hawaiian
teal, still more or less abundant in the archipelago proper. The
little island colony, once numbering upwards of 100 individuals, is
now nearly extinct, probably less than a dozen remaining.

Another of the land birds is a curious little rail, smaller even than
our sora. None of the rail family are notable for wing power, but
this particular species, and others in the South Seas more or less like
it, is quite unable to fly. Where it originally came from is unknown.
It may have reached its present abode by flying from island to island
from Hawaii, where a related species is fairly common. As time
went on, finding no particular need for its wings, it ceased to use
them and became flightless. Whatever may be the ultimate fate of
the Laysan colony of this remarkable so-called “wingless” rail, its
future has been provided for in a measure by the export of a number
to the Midway Island, far to the west, where it is reported to be
flourishing, thus affording the only instance so far known of the
successful introduction of a member of this family.

There is or Laysan a small red honey eater that lives chiefly on
the nectar of flowers, as do its near relatives on the larger islands of
the archipelago to the eastward ; also a member of the warbler family
of about the same size, originally probably from the Malay Archi-
pelago. It is called the miller bird because of its partiality for
millers or moths. Apparently this little warbler finds Laysan so
much to its liking that it declines to extend its range to the Hawaiian
Islands proper, which it might reach with very little effort. The list
of land birds is completed by the Laysan finch, which is the chief
musician of the island solitudes. During the long ages of its resi-
dence, unheard by human ear, it has trilled forth its beautiful song
to the accompanying murmur of the trade winds and the rhythmic
beat of the ocean surges on the desolate shore. Some years ago, when
unprotected, these finches were trapped in numbers and sold in Hono-
lulu for cage birds, but this traffic has now ceased. As suggested by
Mr. Bryan, the above-named insectivorous land birds possess a high
economic value and will well repay importation into the Hawaiian
Islands proper, thus increasing there the number of insect-eating
birds, as well as insuring the future existence of these unique and

_interesting species.
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Fic. 1.—MAN-0’-WAR BIRDS NESTING, LAYSAN ISLAND.

Fig. 2.—COLONY OF GRAY-BACKED TERNS, LAYSAN [SLAND.
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FiG. 2.—NESTING COLONY OF LAYSAN ALBATROSSES.
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THE SEA BIRDS OF LAYSAN ISLAND.

But it is as a refuge for sea birds that these islands are chiefly
notable. The reefs and waters about Laysan and the other islands
fairly teem with fish, crustaceans, squids, and other forms of sea life,
thus affording food in abundance for sea fowl, as well as solitude and
protection for them and their young. For ages past these ocean
wanderers have found the islands an ideal home, and at certain sea-
sons swarmed there, covering every bit of available territory, and all
in all forming perhaps the most remarkable bird rookery in the
world. On Laysan alone several millions must breed every year.

NESTING.

Not all the birds that resort to this little island could possibly nest
on it at one and the same time, and, as the result of ages of experi-
ence, each species comes in turn and thus secures room. Even so,
however, nesting space has always been at a premium, and Schauins-
land, who spent three months on the island in 1896, not inaptly com-
pares the avian domestic arrangements there to a series of flats in a
large town. Thus the petrels and shearwaters nest in underground
burrows; above them in bushes nest the Laysan finch and the miller
bird, while the uppermost accommodations are taken by the boobies
and the man-o’-war birds. The breeding season covers practically
every month in the year. After biding their time, hither come to nest
thousands of terns, petrels, shearwaters, gannets, man-o’-war birds,
and albatrosses. In all more than two dozen species of land and sea
birds inhabit Laysan during the whole or part of the year. Prof.
Dill estimated that at the time of the visit of his party upward of a
million of sea birds were nesting on the island. (PL L)

THE ALBATROSS.

Of all the birds that visit or live on Laysan the two species of alba-
trosses are the most notable. One of these, the black-footed albatross,
lives chiefly in the north Pacific, but its range includes our own coast,
from Alaska to California, and that of China and Japan. This is
the species which is a familiar sight daily to voyagers from San Fran-
cisco to Honolulu. When the outward-bound vessel is well off the
California coast it is sure to be sighted by a half dozen or more of
these black-footed albatrosses (or goonies, as they are known to the
sailors), which do not part company with it till near the Hawaiian
Islands. The other species, known as the Laysan albatross, is chiefly
a bird of the mid-Pacific, but it has been known to range to the east-
ward as far as the coast of Lower California.

Albatrosses are true ocean wanderers, returning once a year to
some well-known island to rear their young. When they can trust these
to care for themselves they put to sea, and the land knows them no
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more until nature again sounds the nuptial call. Their prodigious
power of flight enables them to keep on wing for hours at a time and
to circle around the swiftest steamer on outstretched wings without
apparent effort. The ocean is lonely at best, but it would be still
lonelier except for the presence of these splendid voyagers that follow
the track of every outward-bound ship and serve to shorten both to
landsman and sailor the tedium of the long voyage.

The two species that nest on Laysan formerly densely colonized
all available space. They are the chief source of the valuable de-
posit of guano on this island. The island guano deposits were
leased by the Kingdom of Hawaii in 1890 and were profitably
worked for several years, when the deposits became exhausted. So
valuable is guano as the basis of a commercial fertilizer that the
Peruvian Government is making careful investigations on several
of its own islands as to the rate of deposit and the best means of
mining and conserving the supply. Several other of the Hawaiian
bird islands have been exploited for guano, and there is no doubt
that if the safety and perpetuity of the bird colonies on these island
reservations can be assured, the guano deposits can be worked at
stated periods indefinitely and made the source of considerable profit.

Albatrosses on their nesting grounds are exceedingly tame and
have so little fear of man as to permit close approach when on their
eggs or when caring for their young. Their unsuspicious nature
thus peculiarly exposes them to danger from feather hunters, as
they can readily be killed with clubs. These big sea birds indulge in
a curious pastime, which is in the nature of a grotesque dance or
“cakewalk.,” (PL IIL) Both the island species indulge in this prac-
tice, which has been witnessed and described by a number of observers.
Prof. Homer R. Dill in his report thus records it as performed by
the Laysan albatross:

The performance is varied, but usually begins as follows: One bird will ap-
proach another with an indescribable squeaking sound, bowing all the time.
If the other bird feels like performing, which is usually the case, he bows in
return. They cross bills very rapidly several times. Then one bird turns its
head and lifts one wing in such a manner that the primaries point directly out
at the side. In the meantime the other bird keeps up a loud noise that sounds
somewhat like the neighing of a horse. The bird taking the lead then walks
around his partner, stepping high, like a negro cakewalker. This part of the
procedure is usually closed by one or both birds pointing their beaks straight up
in the air, rising on their toes, puffing out their breasts, and uttering a long-
drawn groan. The same thing is repeated many times with slight variations.

Just why the birds indulge in these curious antics it is difficult to
conjecture, unless it is by way of amusement to pass away the time
while on shore leave. Albatrosses are not at all exclusive, but are
ever ready to acknowledge polite attentions from any and all sources,
and when favored by a human being with a bow respond in kind
with the utmost gravity and good will.
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RAVAGES OF PLUME HUNTERS.

Eight years ago Mr. Bryan found much of Laysan literally cov-
ered with these splendid birds, but when visiting the island last year
he discovered that more than half of the colony had been wiped
out of existence by plume hunters. Prof. Dill estimates that only
about one-sixth of the original colony of the species known as the
Laysan albatross (Diomedea immutabilis) is left. The plume hunt-
ers landed on the island in May, 1909, and straightway began the
work of slaughter. By the fall of the same year they had killed
upward of 300,000 birds. While apparently albatrosses were the
chief objects of pursuit, the feather hunters did not neglect other
birds, and the list of slain includes, besides the Laysan and black-
footed albatrosses, the sooty tern, gray-backed tern, noddy tern, Ha-
waiian tern, white tern, Bonin Island petrel, wedge-tailed shear-
water, Christmas Island shearwater, red-tailed tropic bird, blue-
faced booby, red-footed booby, man-o’-war bird, bristle-thighed cur-
lew, and, without doubt, the island duck and such of the smaller
birds as the hunters were able to secure. Bryan in his report to the
department says, substantially:

The slaughter wrought by the foreign plume hunters is everywhere ap-
parent. One of the work buildings formerly used by the guano company and
later as a storehouse by the poachers is still standing. Though with a side
torn out and left open to the weather by the men of the Thetis, it is still filled
with thousands of pairs of albatross wings. Though weather-beaten and use-
less, they show how they were cut from the birds, whose half-bleached skeletons
lay in thousands of heaps scattered all over the island.

Plume hunters the world over are not noted for the virtues of for-
bearance and humanity, but these men seem to have adopted excep-
tionally cruel methods on Laysan. Thus Prof. Dill in his report
states:

An old cistern back of one of the buildings tells a story of cruelty that sur-
passes anything done by these heartless, sanguinary pirates, not excepting
the practice of cutting the wings from living birds, leaving them to die of
hemorrhage. In this dry cistern the living birds were kept by the hundreds
to slowly starve to death. In this way the fatty tissue lying next to the skin
was used up, leaving the skin quite free from grease, so that when they were
prepared little or no cleaning was necessary.

Many other revolting sights, such as the remains of young birds that had
been left to starve and birds with broken legs and deformed beaks, were to be
seen. Killing clubs, nets, and other implements used by these marauders were
lying all about. Hundreds of boxes to be used in shipping the bird skins were
packed in an old building. It was very evident that they intended to carry on
their slaughter as long as the birds lasted.

In January, 1910, the nefarious work was stopped by the arrival
of the United States revenue cutter 7'hetis, and 23 poachers were ar-
rested and conveyed to Honolulu, together with the plumage which
they had baled preparatory to shipping to Japan. The wings and
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plumage of approximately 259,000 birds were thus confiscated. As
previously a party intent on the same errand had landed on Lysianski,
another island of the same group, and spent months in killing sea
birds and stripping off the plumage, it is probable that not far from a
million of our sea birds were killed by aliens to sell to European
milliners. The magnitude of the offense is better appreciated when
it is understood that many sea birds, like albatrosses and others,
lay only a single egg during the entire year, and as the natural
mortality among both old and young is very considerable, years must
elapse ere the greatly depleted colonies can be restored to their full
strength. Dame Fashion has many sins to answer for, but few of
greater magnitude than the wholesale slaughter of these stately
creatures.

Had the raiders not been discovered, without doubt they would
eventually have killed every nesting bird on this and the other acces-
sible islands and converted these unique possessions of ours into veri-
table shambles. At the time of the visit of the party in the summer
of 1911 heaps of the bodies of the slain still lay on the ground, mute
witnesses of the sad fate that had overtaken these beautiful birds.

PROTECTION ESSENTIAL TO PRESERVATION OF RESERVATION AND SPECIES.

As the islands are part of our National possessions and have been
set apart as a bird reserve, the care and the protection of their avian
inhabitants would seem clearly to devolve upon the Federal Gov-
ernment. It is true that their remoteness and inaccessibility render
it difficult to guard them properly. An effort, however, will be made
{0 secure from Congress sufficient funds to provide for the services
of a warden for Laysan and for an assistant. It is hoped also to
secure a small power boat of adequate size to enable trips to be made
between Laysan and the other islands and Honolulu. These meas-
ures, if supplemented by an occasional visit from one of the Gov-
ernment cutters during the height of the breeding season, will insure
the continued safety of the nesting colonies. From a variety of
causes sea birds are being reduced in numbers almost everywhere,
chiefly as the result of plumage hunting and of the growing scarcity
of breeding sites. Hence these island bird colonies, one of the won-
ders of the world, will become of increasing importance with each
succeeding year. They should be regarded as a National heritage,
and the birds be adequately protected, not only for the sake of our
own ‘citizens, but for those of other countries whose people go down
to the sea in ships. Otherwise these birds will suffer the fate that
overtook those on Marcus Island, also one of our possessions, where,
as reported by Bryan, in six years a colony of albatrosses almost as
large as that of Laysan was reduced to less than a score of birds
through the unchecked activities of feather hunters.



THE REDUCTION OF WASTE IN MARKETING.

By FFRANK ANDREWS,
Assistant Chief of Division of Production and Distribution, Bureau of Statistics.

INTRODUCTION.

Of the items entering into the cost of marketing fresh fruits and
vegetables, possibly one of the greatest is the loss due to waste.
Two important causes of this waste are slowness of delivery to the
buyer and the glutting of markets. Delay in transportation may
cause the produce to decay or wilt, so that it may bring small, if any,
returns, or, even if it arrives in good condition, it may be too late
to be sold at good prices. A loss in selling price may be caused also
by a faulty distribution of consignments, whereby some markets are
overstocked, while there is a scarcity at others. These two causes of
waste are being overcome, to some degree at least, by improved meth-
ods of distribution, as used by shippers, and by better transportation
service.

It is the purpose of this article to show the working of two gen-
eral plans, whose extended use dates back scarcely 10 or 15 years.
One plan is used by shippers to distribute consignments among cities
and towns in such manner as to avoid a glut; the other scheme is
employed by transportation companies to move perishable freight
quickly, and at the same time to be ready to change its destination
on short notice, even when it is on the way to market.

THE CARLOAD AS A UNIT.
A SAVING IN MONEY AND TIME.

In farming on a large scale, the unit of quantity for a shipment is
regularly a carload. The advantage of a-car lot over a smaller
quantity is so great that the smaller shipment competes at a disad-
vantage, except in near-by markets. Not only are the freight rates
for carloads lower, but the time of transit is shorter and the risk
of injuring the produce in transit is less. A car lot may be sent to
any one of a large number of cities and towns, while the smaller
shipment is limited, by the higher freight rates and by delays in
transit, to fewer markets.

Since car-lot shipments form such a large proportion of the total
supply, conditions which affect their marketing influence also the
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marketing of the smaller lots of highly perishable fruits and vege-
tables. Home-grown produce is more apt to bring good prices in the
neighboring city or town under conditions which tend to reduce the
danger of an oversupply from distant regions. Hence, changes
affecting the movement of carloads, as discussed in this article, affect
the entire truck-growing industry.

There are a number of plans by which small shippers join in
making up a carload. This is regularly done by farmers’ coopera-
tive associations. Country buyers also gather produce from various
farmers, arranging their purchases so as to have carloads for ship-
ment. Of the other plans for combining smaller lots in carloads, two
of the more noteworthy are the local “ pick-up ” service of some rail-
roads and the system employed by some forwarding agents.

COMBINING SMALL LOTS.

There are forwarding agents whose business it is to collect small
consignments at various points in the Mississippi Valley and to ship
them to market. The forwarding agent gathers enough produce to
make a full carload at a given station, consigns it to himself at the
destination, and delivers the contents to various consignees. By this
system a small shipment by a producer is carried as promptly as a
full carload. The territory served by these forwarders includes sta-
tions in Louisiana, Mississippi, Tennessee, Illinois, Michigan, and a
few points in Indiana. The forwarder, being responsible to the
shippers, makes it his business to check the contents of the car as
they are taken out, to note their condition, and to report to the
shipper any irregularities as to the condition or‘number of packages.
The car manifest of the forwarder shows the names of the shippers
and of the consignees, the number and contents of packages. The
manifests that happened to be in the office of one of these forwarders
one day in July, 1911, and which were apparently not unusual, con-
tained each a long list of separate items; the manifest for one car
contained a list of packages for no less than 32 different consignees.

A so-called “ pick-up ” system is conducted by different railroads
for collecting less-than-carload lots from various stations and com-
bining them at transfer points into full carloads. Small consign-
ments are collected from a number of stations and brought to a
given point to be combined into carloads. Among the typical trans-
fer points for combining small shipments into carloads are Canton,
Miss., and Norfolk, Va.

The growth of freight and express service on interurban trolley
lines has made it easier to market small shipments of perishable
fruits and vegetables promptly. The interurban electric lines gather
up small shipments and concentrate them at forwarding points.
Large quantities of fruits and vegetables are thus handled from
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points in southwestern Michigan. The produce is collected from
such points as Berrien Springs, Eau Claire, and Millburg, and
transferred to boats at St. Joseph and Benton Harbor to be for-
warded thence to Chicago. This service is prompt; fruit collected
one day is on the Chicago market early next morning. A similar
traffic is carried through Norfolk, where railroad freight from truck-
growing regions is transferred to coastwise steamers for New York
and the North.
i FREIGHT SERVICE.

GENERAL IMPROVEMENTS IN RAILROAD FACILITIES.

Progress in methods of hauling perishable fruits and vegetables
is part of a general betterment of railroad service. Improved road-
way, heavier rails, larger cars, and more powerful engines, together
with more efficient handling of the traffic, all help toward quicker
and cheaper marketing of produce. Some of the features of these
improvements are shown in statistics compiled by the Interstate
Commerce Commission.

Within the past 20 years the quantity of freight moved has in-
creased many fold. During the year ending June 80, 1889, the
freight traffic on railroads of the United States equaled about
69,000,000,000 ton-miles; 20 years later this freight amounted to
219,000,000,000 ton-miles. This increased traffic is accounted for
not only by an extension of railroads, but by an increase in the
amount carried per mile. The density of the traffic in 1909 was more
than double that in 1899. To move this freight the size of the
trains was increased as well as the number of locomotives. In 1889
there was an average of 10 and in 1909 between 14 and 15 locomo-
tives in the freight service for every 100 miles of railroad, while the
average number of tons carried in a freight train more than
doubled.

TRACING A CAR'S MOVEMENTS.

The freight carried on many railroads is divided into classes,
based upon the kind of service rendered. The highest class of goods
is given the quickest and most regular service. A second class of
goods, and even a third or a fourth, may also be moved in trains
having regular times for arrival and departure, but which are
slower than the “manifest,” “red ball,” or “ vegetable express”
trains. These classes are distinct from the classes upon which
freight rates are based.

Fresh fruits and vegetables are usually included in the list of
commodities which are given this best service. Trains carrying
these perishable products are run at greater rates of speed and
with greater regularity than are ordinary freight trains. Delays
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are reduced to a minimum, and especial care is taken to have the
cars carrying these fruits and vegetables move promptly along the
way. Where the traffic justifies it, entire trains are made up of
such produce.

One feature of this service is the telegraphic report which is made
of each car as it passes each reporting station on its route. These
“ passing ” reports, however, are made, on some railroads, for lower
classes of freight also.

Some of the principal parts of this system were in use before 1885
on at least one railroad. Cars were reported by telegraph on passing
certain points, and their movement was recorded in the central office,
not only in writing but by means of pegs. Each car was represented
by a peg bearing the symbol of the car and inserted in a block which
represented the train. The route over which the cars moved was rep-
resented by a board on which vertical lines and spaces indicated the
various stations from which “ passing ” reports were made. When a
train was reported to have passed a station, the block representing
the train was moved past the place on the board that represented the
station. The telegraphic report mentioned each car in the train; cars
not so mentioned were accounted for, with the reason for delay, or
were the subject of prompt inquiry from the central office. This sys-
tem is now in use on a number of railroads. The information shown
on the board is kept also in written form, and, on some railroads,
it 1s summarized in circulars, issued daily. The “board ” is a con-
venient but not an essential part of this system. Some railroads do
not use a board at all; they keep all their “ passing ” records on
paper.

To facilitate telegraphing in some of these “ passing-report” sys-
tems, each car may be given a symbol after the train is made up.
The symbol consists of a letter or group of letters, which indicate the
station of origin, and a number to designate the car. The car is
known by this symbol until it reaches its destination and the contents

are delivered.
RATES OF SPEED.

The average rate of speed over long distances for carloads of
perishable freight depends largely upon the character of the roadbed
and the number of transfers from one railroad to another. From
Los Angeles to Chicago and from Jacksonville, Fla., to Chicago, the
rate of speed averages about 13 miles an hour, including all stops.
One train was scheduled to run from Los Angeles to Chicago in
178 hours and 25 minutes, the average rate being 13.1 miles per
hour. A vegetable express run from Jacksonville to Chicago over
three or four different railroads covers about 1,140 miles in 89}
hours, the average rate being 12.7 miles per hour. By another route
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the trip from Jacksonville to Chicago is reported to be made in as
short a time as 84 hours. Over some routes which do not traverse
mountains the average rate, including stops, is about 16 miles per
hour for long distances. A certain train from New Orleans to Chi-
cago covers 930 miles in 57 hours and 20 minutes, the average rate
being 16.2 miles per hour; and on the Atlantic coast a train carrying
Florida produce northward runs from Tampa, Fla., to Richmond,
Va., in 54 hours and 15 minutes, making an average of 15.8 miles per
hour. After a train is once made up and does not have to stop so
often to receive new cars the rate of speed is naturally much higher.
Between Memphis and Chicago the average rate of speed for a cer-
tain train is 18 miles per hour, while the rate from New Orleans to
Memphis is 14 to 15 miles per hour. From Tampa to New York the
rate for the distance south of Potomac Yard, Virginia, is about 16,
while the distance between Potomac Yard and New York is covered
at an average rate of more than 18 miles per hour.

At the rates of speed mentioned in the preceding paragraph, a
train would run from 312 to 432 miles in 24 hours. The time taken
to move cars from Potomac Yard, Virginia, just south of Washing-
ton, D. C., to New York, is about 122 hours; to Boston from Potomac
Yard, 36} to 40 hours; and to Montreal, 46§ hours. These figures
include the time required for icing and for transferring the cars from
one road to another. From Miami, Fla., to New York the time is
approximately 96 hours, and from Miami to Chicago about 108
hours. It is thus possible for fruit and vegetables grown in regions
as far away as southern Florida to be delivered to consumers in
Chicago or New York within five or six days from the time of
gathering.

REGULARITY OF SERVICE.

While these fruit and vegetable trains, as any others, may be late
sometimes, nevertheless their regularity is such that transactions are
reported to be made often, if not usually, with the expectation that
the produce involved will be delivered at about a certain time on a
certain day. For instance, a car of vegetables from a South Atlantic
shipping point may be bought by a dealer, who expects the car to
reach Jersey City on a Friday night in time to be ferried across
North River to a wholesale market in New York, which opens at 1
a. m. Should this car be delayed several hours the vegetables would
miss the Saturday morning market and might be delayed two days
in reaching the retail merchants.

Two instances of delays will serve as illustrations. A merchant in
Philadelphia mentioned a consignment of strawberries which reached
that city from Florida six days late, and a Chicago dealer com-
plained, about the same time, of losing $500 on a car of strawberries
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that reached him too late to take advantage of a good market.
Delays like these, it is believed, are by no means as frequent under
present conditions of freight service as in earlier times.

EXTENSION OF DEMAND AND SUPPLY.
NUMBER OF MARKETS.

Inquiries were made by the Bureau of Statistics of this depart-
ment in August, 1911, as to the different kinds of highly perishable
fruits and vegetables which were received in car lots for local use in
cities having a population of not less than 25,000. Of the 103 cities
for which reports were made, peaches were sold by the carload in at
least 87; watermelons, in 86; cantaloupes, 77; bananas, 72; straw-
berries, 71; tomatoes, 66; oranges, 65; grapes, 53; lemons, 39 ; pears,
32; pineapples, 28; plums, 24; celery, 18; cherries, 13 ; cucumbers, 11;
green beans, 11; apricots, 11; and each of about 25 other commodi-
ties of this class were reported to have car-lot markets in from 1 to
10 different cities. The reports on which these figures are based are
probably incomplete to a greater or less degree; some products are
no doubt omitted which should have been included. If it had been
possible to secure complete lists of all such products for each of these
cities, the figures just given would probably have been larger. As
they stand, these incomplete figures show a wide range of markets
where car-lot shipments of fresh fruits and vegetables may be sold.
The producer has many good outlets for his crops; if market con-
ditions in one place are not satisfactory, there may be other places
where fair prices may be obtained. The cities which absorb these
products by the carload include many whose population is less than
50,000. Of the 87 car-lot markets for peaches for which returns were
made in this investigation, 30 were cities of less than 50,000 inhab-
itants; 23 of these smaller cities took cantaloupes by the carload, 19
received grapes and strawberries, and 17 received tomatoes. Other
products of this class also found sale in car lots among these- smaller
cities.

The number of car-lot markets for fruits and vegetables has in-
creased greatly during the past decade. This is indicated by reports
made by railroad freight agents and produce dealers in various cities
as to the year in which the first carloads of certain products were
received for local use. The products for which the fullest reports
were made were peaches, strawberries, cantaloupes, tomatoes, and
grapes. Of the 42 markets which reported the year when the first
carload of peaches was received for local use, 13 had become car-
lot markets within the past decade; the markets whose first carload
sale of strawberries was made since 1900 numbered 15 out of a total
of 35 reported ; for cantaloupes, 21 out of 40; tomatoes, 19 out of 32;
and for grapes the car-lot markets, which were opened within the
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past 10 years, numbered 13 out of a total of 24 for which reports
were received. Taking account of the minor products of this trade,
as well as the five leading ones just mentioned, the average rate of
increase in the number of car-lot markets for highly perishable fruits
and vegetables was over 40 per cent in the decade beginning with
1901 as compared with the ten years just before.

WIDE RANGE OF SOURCES OF SUPPLY.

Many of the large markets,and smaller ones also, receive their fresh
fruits and vegetables from regions which are far apart. The ex-
amples given here refer to large cities, but illustrate conditions at
many others. The sources of supply of a given product in a market
like Chicago or New York may often be traced by the price quota-
tions in those markets for perishable fruits and vegetables. It is
common in those, and in other markets as well, to mention the State
or locality where the products quoted were produced. By tabulating
quotations of different commodities it is thus easy to learn also the
time when the produce from a given locality is on a given market.
For the season of 1910 the quotations of Florida tomatoes appeared
in the produce reports at Chicago, New York, and Kansas City
early in the winter and continued to about the middle of June, when
Texas tomatoes began to appear. These were followed, in the Chi-
cago market, by shipments from Mississippi, and about the first
week of July by the produce of more northern fields. Among the
States which contributed tomatoes to the Chicago trade in 1910,
besides Florida, Mississippi, and Texas, were California, Tennessee,
Missouri, and, of course, Illinois. New York’s supply came also from
a large number of States, among which were California, Florida,
Texas, Mississippi, Tennessee, Virginia, North Carolina, South Caro-
lina, New Jersey, Maryland, and Delaware, while some were imported
from Cuba. )

The supplies of peaches, strawberries, cantaloupes, string beans,
and other products were also drawn from a wide range of territory.
Tn 1910 there were at the same time quoted in New York City straw-
berries from Florida, Louisiana, Virginia, Maryland, and the Caro-
linas, and while some of these southern berries were still in the
market, supplies came in from New Jersey and New York. The
cantaloupes used in New York, in the latter part of June and the
first of July, 1910, were coming from Florida, Georgia, and the Caro-
linas, and also from Arizona and the Imperial Valley of California.
A few weeks later melons from Maryland, Delaware, Virginia, and
New Jersey met, on the same market, those from New Mexico,
Nevada, and Colorado.

In April and May of the same year the asparagus sold in New
York City was grown, some near the Pacific coast and some in the
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regions along the Atlantic. Peaches from Texas and other western
States were included with those from eastern States in the receipts
at New York. ,

The sources of supply in a given market are governed to some
degree by changing conditions of trade. Under some conditions it
would be profitable for the produce of a certain State to compete in
a given city with produce from States which are nearer that market,
but whose own crops are short. For instance, when the Arkansas
peach crop is small, Georgia may be shipping to points as far west
as Denver, while if the Arkansas yield is large, Georgia peaches
might get into few markets west of Chicago.

SYSTEMATIC DISTRIBUTION.
FINDING A MARKET.

A personal acquaintance between buyer and seller is an important
factor in successful marketing. A truck gardener who visits the dif-
ferent markets occasionally and meets dealers there is in a much
better position to sell his produce than if he consigned it to strangers;
and, further, the cooperative association having representatives in
important markets throughout the season may be expected to sell on
much better terms than the individual shipper who visits the market
only occasionally. Likewise, among merchants, the man who keeps
in touch with other markets knows much better how to distribute his
excess supply, or send orders to meet the demands of his customers,
than the dealer whose acquaintance is not so large.

The shipper or his representative should know also the charac-
teristics of the various markets which may take his produce. For
instance, a certain town will be able to use one full carload of
cherries, while for another town it would be better to make up a
mixed car consisting of cherries and two or three other kinds of
fruit; or, again, in one city, as New York, it is important for certain
produce to be delivered in time for the night market, while at
Chicago the shipments will be on time for the regular market if they
reach the railroad terminals or the steamboat wharves before day-
break.

Reports of market conditions are given regularly and with vary-
ing degrees of accuracy in daily newspapers, trade and agricultural
journals, and in circulars issued by dealers and organizations. In
addition to these sources of information, some shippers and dealers
receive special reports, by mail or wire, from different markets.

CONTROL OF PRODUCE IN TRANSIT.

Information as to the location of a given car in transit may
usually be obtained from the railroad company which is hauling the
car. But some large shippers have a system of their own by which
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they trace the movement of cars in transit, in order to distribute
them among the different markets to the best advantage. One or-
ganization in California adopted this system of distributing ship-
ments: When a member shipped a car of produce, he turned the
bill of lading over to the manager of the organization and allowed
him to direct the movement of the car to market. The object of
having one central authority select the markets was to prevent send-
ing an oversupply to any one place. On receiving the bill of lad-
ing, a record of the car was made on a card in the office of the
organization and the card filed in its proper place in a drawer.
This drawer was divided into several rows of compartments, open-
ing upward; each row had 31 compartments, and there was one
row for each principal market in the United States. The 31 com-
partments represented each one day of a month. When a card was
filed its location was determined by the destination named in the
bill of lading and by the day of the month on which the consign-
ment was due at the destination. For instance, a carload of cherries
shipped to New York from a point in the Sacramento Valley on
May 27 would be represented by a card filed in the New York row
of the drawer and in the compartment numbered 7, if the con-
signment would be due in New York on June 7. The arrangement
of these cards showed at a glance the intended distribution of this
association’s shipments among the different markets, and when too
many consignments of a given kind of fruit were on the way to a
given market the grouping together of several cards in one box
served as a warning that the destination of one or more cars should
be changed. This drawer showed only such fruit as was shipped by
this association. News of other shipments and of their probable time
of arrival at destination was secured, to some extent, by the associa-
tion. When it became known that a certain market was about to
receive an oversupply of a given fruit, one or more of the shippers
who had consigned to that market would be notified by the asso-
ciation manager, so that they might select another city to which to
divert their consignments. In case they should refuse to make such
a selection the rules of the association gave the manager the right
to divert the shipments himself.

The movement of a car in transit was traced by the association by
a system similar to that used by some railroads. Each car shipped
east by the association was reported by telegraph as it passed cer-
tain points along the way.

In a similar way other large shippers keep in close touch with
the progress of a car on its way to market, at the same time keep-
ing informed as to the prices and relative supplies in different cities

and towns.
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For produce moving from the South northward many of the prin-
cipal points of diversion are along the Ohio and Potomac Rivers,
but the route of a car may be changed at any one of a large num-
ber of railroad-junction points. Cairo, Louisville, Cincinnati, and
Potomac Yard (near Washington) are important points from which
these shipments are distributed among various destinations.

Between eastern markets and producing regions in the far West
and Southwest the chief points of diversion include Minnesota Trans-
fer (between St. Paul and Minneapolis), Council Bluffs, Chicago,
and St. Louis. Over one route from central California to the East
the principal points from which one leading shippers’ association
receives “ passing ” reports are Roseville and Truckee in California,
Ogden, Council Bluffs, and Chicago. A Cincinnati firm may receive
notice of a Florida shipment when the car passes Jacksonville, At-
lanta, and Chattanooga, and another notice just before the arrival
at Cincinnati. On peaches shipped by this fast-freight service to
northeastern markets from Tampa, a car’s progress over a certain
route is reported from Jacksonville, Fla.; Savannah, Ga.; Columbia,
S. C.; Hamlet and Raleigh, N, C.; Richmond and Potomac Yard, Va.

The service of diversion includes not only changing the destination
of a car in transit but forwarding it to a destination beyond the one
originally named. For instance, a car shipped to Cincinnati may be
forwarded under certain conditions to Indianapolis for unloading;
or, it is reported, a car consigned to a given town may be partly
unloaded there and the remainder of the consignment sent on to
another town. This, however, costs more in freight than would a
direct shipment of a full carload to one market.

HOW A CAR IS DIVERTED.

Conditions on one route will illustrate how the system of report-
ing car movements may be used by a patron of the railroad. Sup-
pose a dealer in Chicago, on a Thursday morning, wishes to know
the location of a carload of tomatoes which were shipped to him the
morning before from Crystal Springs, Miss. He makes the request
of the railroad company’s agent in Chicago, giving the initial and
number of the car and the date and place of shipment. On consult-
ing the “ passing ” reports it is found that this car, known in transit
by the symbol “ (CS-4,” passed Fulton, Ky., at 6 a. m. that day
(Thursday) and would be due at Cairo, Ill., at 8.30 a. m., or, let
it be assumed, about an hour after the time the dealer made inquiry.
It would be due in Chicago Friday at 4.50 a. m. With this informa-
tion the dealer knows that, if he desires to divert the car, he may
select one of a number of markets located north of the Ohio River.
He knows that there is a large movement of tomatoes toward Chi-



REDUCTION OF WASTE IN MARKETING. 175

cago and believes that the prices on Friday will be better in some
other places than in Chicago on the day his produce is due on the
market. He has already received news from some points. An asso-
ciate in St. Louis may have telegraphed the evening before that the
supply already in that market, together with what was due to arrive
on Thursday, would be about as much as could be sold at fair prices;
that, if more was received, prices would probably be low. On the
other hand, a report from Indianapolis may indicate good prices
for Friday morning, better ones than are promised in Chicago for
that day; so the Chicago dealer orders the car to be diverted to In-
dianapolis. He may wait until 3 p. m. Thursday before reaching
this decision, so that he may hear from other markets. Meanwhile
the car has been moving northward. The order for diversion is
sent by the superintendent of transportation to the proper official
at Effingham, I1l., where the car is due to arrive about 5.45 p. m., and
where transfers are regularly made for Indianapolis. It reaches that
city early Friday morning, about the time it would have reached Chi-
cago had there been no diversion.

DISTRIBUTING A CAR LOT.

Cities and towns which do not require a full carload of a given
product are often supplied from neighboring car-lot markets. Small
lots of perishable goods may be forwarded in refrigerator cars de-
voted to local service. For small consignments of fruit and vege-
tables intended for neighboring towns refrigerator cars are run on
regular schedules from Chicago and other large cities, and each car
is assigned its own route. The service on one railroad will illustrate
this traffic. This railroad sends out from Chicago, every night ex-
cept Sunday night, 11 trains hauling such cars. One of these trains,
leaving Chicago at 9.45 p. m., takes cars for 14 different routes; three
of these cars are run only two days of each week, five of the cars are
run on three days of the week, and six cars are run on six days. A
car may be transferred from one train to another, making one, two, or
more transfers before it reaches its destination. From this train cars
are transferred at various points in Towa; one car is taken off at Cedar
Rapids, another at Marshalltown, still another at Ames, a fourth at
Tama, while at Eagle Grove three cars are taken off and given to
three different trains. At Belle Plaine two more trains are each
given a car, and at Mason City another transfer of a car is made.

Interurban electric lines and steamboats help to distribute small
lots of fresh fruit and vegetables from car-lot markets. In addition
to the traffic on steam railroads, large quantities of this kind of
produce are thus distributed from Cincinnati by trolley lines and
river boats, while lake steamers assist in this work at Chicago.
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Shipments of less-than-carload lots of this highly perishable pro-
duce are apt to be more frequent in times of high prices. Under some
conditions less-than-carload lots may be shipped all the way from
Chicago to St. Paul, or even to Omaha. But, as has been said in the
first part of this article, the regular way of transporting these fresh
fruits and vegetables is by carload lots, shipments in smaller quanti-
ties, except for short distances, being made chiefly to markets where
a larger quantity could not be sold.

CONCLUSION.

The extension of better ways of distributing fresh fruits and
vegetables among the various markets and the improvement in trans-
portation service have done much to reduce the waste in marketing,
but there is still room for improvement. Sometimes a crop in a given
region will be too large to be marketed promptly. There may be too
few cars to carry the produce, and it spoils while awaiting shipment;
or it may be loaded in cars and started on its way, but the increased
number of cars may be more than the railroad can handle promptly,
and a congestion of traffic may cause a delay of several days on the
way. Or, even with quick and adequate freight service, the produce
may yet fail to be well marketed. It is not always practicable for
shippers to determine beforehand the approximate supply which a
given city or town is about to receive, or to judge how much can be
sold there at fair prices, and an error in the shippers’ judgment may
result in glutting a market. _

But in spite of occasional losses due to car shortages, freight
blockades, and overstocked markets it is a widespread opinion among
shippers that there are fewer losses on fresh fruits and vegetables
now than there were 10 or 15 years ago; and the tendency of the pres-
ent time is to reduce still further the waste in marketing.



PRIMARY PRINCIPLES IN THE PREVENTION AND
TREATMENT OF DISEASE IN POULTRY.

By Geo. BYrRoN Morsg, M. D.,, V. 8,
Senior Bacteriologist, Pathological Division, Burcau of Animal Industry.

CLEANLINESS THE ONE FOUNDATION.

It is the object of this paper to impress upon poulterers the one
basal principle underlying all rules of health and upon which only
can be erected a successful system of treatment of disease in poultry.
In the final analysis one word furnishes the thesis of this paper and
sums up its conclusions. That word is “cleanliness.” The writer
is fully convinced that cleanliness is at once the corner stone of
health and the keystone of the arch of healing. His desire is that
- the perusal of this paper shall compel all readers into such accept-
ance of this conviction that hereafter they will make cleanliness the
foundation of whatever measures they may adopt for the promotion
of health and the prevention of disease, and the groundwork for all
methods selected by them for the treatment of disease and recovery
of health. If it can be shown that all deviations from health in-
volve the integrity of this fundamental principle, cleanliness, it
necessarily follows that any attempt at recovery must seek to restore
cleanliness. As cleanliness is the first law in the science of preserv-
ing health, so is it the primary principle in the healing art.

This fundamental doctrine of cleanliness as applied in this paper
to the well-being of poultry may be expressed in three general prin-
ciples: (1) Clean intake; (2) clean output; (3) clean surroundings.
The intake includes food, drink, and air. The output consists of
excrementitious matter from the alimentary tract, the excretion from
the kidneys, and the products of the reproductive system. The
surroundings comprise houses, grounds, and air.

DEFINITION OF CLEANLINESS.

What does the word “ cleanliness ” mean to us? If we study the
dictionary, we shall find that cleanliness means freedom from dirt or
foreign matter. Our conception of cleanliness must therefore depend
upon our notion of dirt, and that notion is largely a matter of train-
ing, habits, and associations.

The philosopher has defined dirt as “ matter out of place.” Matter
that is all right and clean in one place may be all wrong and dirt in
another. Moreover, cleanliness is one thing to the ordinary person,
but altogether another matter to the hygienist. The eye with the,
microscope has a larger apprehension of dirt than the unaided eye.
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The good housekeeper sees with annoyance the specks of dust and is
satisfied with their removal; the intelligent surgeon whose vision has
been enlarged by the microscope sees the millions of bacteria that
use a single speck of dust as an airship, and he knows of the possi-
bility that tetanus bacilli or other germs may fall, unseen, from such
dust on to the raw surface of an exposed cut upon a person’s skin.
He therefore can not call the cut surface of the wound “ clean ” until
he has thoroughly washed it and applied a disinfectant in order to
kill those germs. The apples on the street vender’s stand glow with
apparent cleanliness, but those same apples may have been polished
with a soiled pocket handkerchief, and the bacteriologist might well
tremble at the thought of the tubercle bacilli that may be on those
skins. The cook washes the lettuce leaves to remove the bits of ad-
herent dirt, and the salad made therefrom may look and taste all
right; but the unaided eye can not see the typhoid germs or other
intestinal microbes derived from the sewage with which that portion
of the garden stuff was fertilized.

The conception of dirt and cleanliness in this paper is formed
by the sanitarian’s training, habits, and associations. However, the
writer rejoices in the fact that nowadays farmers and poulterers are
a class who read, and therefore have become somewhat familiar with
the horizon of the scientist, so as to appreciate, in air and soil, in food
and drink, in houses and incubators, upon the external and inter-
nal coverings of the chicken’s body, the presence of innumerable
microbes, many of them capable of producing decomposition and
putrefaction, and thus likely to cause sickness through absorption of
their poisonous products; many of them characterized as specific
agents of disease, and therefore recognized as a definite menace to
life; and large numbers of them viewed generally as harmless which
yet by excessive multiplication induce conditions which become them-
selves sources of disease.

The presence of these microbes in localities where they do not
belong, or in excessive numbers even where they do belong, medically
speaking, constitutes dirt and calls for cleansing. To sum up, clean-
liness involves not alone absence of dirt and foreign matter which
can be detected by the unaided eye and removed by means of shovel
and wheelbarrow, broom and dustpan; it involves also greater or less
freedom from those myriad microscopic forms the removal of which
is accomplished by disinfecting agents whieh destroy them.

SEVEN PRIMARY PRINCIPLES.

In the werking out of this fundamental law of cleanliness seven
rules or maxims have been formulated by the writer as furnishing,
in a general way, the application of this principle to meet all the
requirements of a successful poultry industry. These rules are but
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further divisions of the three general principles previously men-
tioned, and may therefore be regarded as the seven primary prin-
ciples in the prevention and treatment of disease in poultry. They
are as follows, and are expressed in mandatory form, since nature, in
her sovereignty over animal life, demands cleanliness under penalty
of disease and death: (1) Clean out; (2) clean up; (3) clean the
water supply; (4) clean the food; (5) clean the eggs; (6) clean the
incubators and brooders; (7) clean the breeding.

The ease with which these maxims can be carried out, and the
cheapness of the articles employed for that purpose, combine.to give
them the maximum of practical value. It is true there are many dif-
ferent medicines with which to “ clean out ” the intestinal tract; there
are a legion of disinfectants with which to “ clean up ” the soil, and
numerous drugs with which to clean the water supply. If, however,
the poultryman can become expert in the use of just one good and
sufficient substance for the accomplishment of each of these primary
principles, he is far better off than if his mind were stored with a
whole materia medica which he has rarely or never tried. Notice
how simply these maxims can be carried out.

Clean out by giving Epsom salt.

Clean up by spreading powdered air-slaked lime.

Clean the water supply by adding permanganate of potash.

Clean the food by preventing contamination or by heating.

_Clean the eggs by dipping in grain alcohol.

Clean the incubators and brooders by scrubbing with hot water
and good, old-fashioned kitchen soap.

Clean the breeding by using the youngest females consistent with
the requirements of good breeding.

METHOD OF APPLICATION.

1. CLean our.—This is carried out as a routine hygienic measure
by administering Epsom salt to the whole flock once a month from
October to March, and twice a month from April to September.
For this purpose the salt is best given in an evening mash, which,
after the salt has been thoroughly mixed with it, should be sufficiently
moistened with water to dissolve the salt. Let the mash be carefully
proportioned to the appetites of the birds and fed on a dry, hard,
clean floor, so that the whole may be eaten quickly. Epsom salt
should not be wasted by putting it in the drinking water; the birds
can not in that way take enough to secure the desired results.

The dose of Epsom salt may be estimated at one-third of a tea-
spoonful to an adult bird. Extra large fowls might receive a half
teaspoonful, smaller or younger birds less. The writer usually pre-
scribes one teaspoonful for three fowls, or for six to eight half-grown
chickens, or for twelve to twenty chicks, according to age, size, and
previous thriftiness.
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Immediately upon the appearance of disease in the flock, without
waiting to determine whether the sickness is infectious or not, all
birds, sick and well alike, should receive a dose of Epsom salt by the
method above outlined. If the disease proves to be infectious, flock
treatment with Epsom salt should be maintained once a week during
the prevalence of the epizootic. All sick birds, which should be
isolated at once from the well, may be given Epsom salt from one to
three times weekly, according to the nature of the disease and the
severity of the symptoms.

The best method of administering Epsom salt (as well as other
fluid medicines), although practicable where only a few birds require
treatment, is by means of a small funnel and a piece of rubber tubing
(three-sixteenths inch internal diameter). The funnel is inserted
into one end of the tubing, while the other end, lubricated with lard
or vaseline, is passed into the mouth, back over the opening of the
windpipe at the base of the tongue, and down through the gullet into
the crop. One or two ounces of water in which has been dissolved
one-third teaspoonful of Epsom salt can now be poured into the
funnel and the tubing gently withdrawn. Since Epsom salt acts best
when well diluted, this method may be considered ideal. If slender
tubing is used and one is ordinarily careful in passing the tubing over
the opening of the windpipe there is absolutely no danger attached
to this method. Moreover, there is the satisfaction of knowing that
the entire dose has been received by the bird.

2. CLean vep.—Do this by spreading powdered air-slaked hme
over runs (and range, 1f possible), floors of houses, and on the
droppings boards. Emphasis must be laid on the two qualifications
here given to the lime; it must be powdered and it must be air-
slaked. Lime that is not powdered, even if the lumps be very small,
must be regarded with suspicion as not being slaked and therefore
more or less irritant. As soon as the birds begin to scratch where
the lime has been spread, thus raising a dust, the irritating particles
of the unslaked lime are inhaled, and, reaching the lungs, set up
inflammation. TIn this way one mlght have an outbreak of pneu-
monia in his flock and be unable to explain its origin.

3. CLEAN THE WATER SUPPLY.—There are three methods of accom-
plishing this, each being so easy of application that it may be sub-
stituted with entire satisfaction for either of the other two. The
writer’s usual prescription is to add to the drinking water perman-
ganate of potash in sufficient amount to give the water a claret-red
color. For ordinary waters, comparatively free from organic mate-
rial, the amount of the permanganate of potash necessary should be
as much as can be dipped up on a silver 10-cent piece for each gallon
of water. If more than four times this amount of potash is required
to color the water, it i well to assume that the water contains too
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much crganic matter to admit of satisfactory disinfection by perman-
ganate of potash.

In such a case the poulterer may employ the second method, that
of adding sulphate of iron, commonly known as copperas. To 1
gallon of drinking water add 15 grains of copperas, which is approxi-
mately the amount that can be dipped up on a 5-cent piece. This
proportion may be regarded as mildly antiseptic, but is as strong as
should be used for any long period in view of its astringent action
and drying effects on the lining of the digestive tract.

The third drug which the writer has found equally effective in the
cleansing of drinking water is pure carbolic acid, in the proportion
of one teaspoonful of carbolic acid to 1 gallon of water. The car-
bolic acid here recommended is of full strength. The poulterer who
keeps on hand the acid in crystals may prepare the drinking water
in the following manner: Place the unstoppered container in a pan
of water ; heat gradually until the crystals are melted. One teaspoon-
ful of the melted crystals may then be added to a gallon of drinking
water. If one desires to keep on hand a stock solution of the strong
carbolic acid, he can purchase any desired amount of liquefied phenol
(phenol is the official name of carbolic acid). Or the liquefied phenol
can be prepared by the poultryman himself by melting the crystals
of carbolic acid as described above and to every 9 parts by weight of
the carbolic acid adding 1 part by weight of water. For use add
1 teaspoonful of liquefied phenol to 1 gallon of drinking water.

4, CLea~N FEEp.—Purchase clean feed at the outset, and preserve it
in a clean, dry place protected from birds or other animals that might
contaminate it with infective droppings. If through accident, such
as dampness, mold has crept in, and it is necessary because of insur-
mountable circumstances to feed this material, apply strong heat.

5. CLEAN EGGs.—Dip all eggs, just prior to incubation, in grain
alcohol. This is, without doubt, the simplest and quickest method of
disinfecting the shells of eggs intended for incubation. - The writer
has tried various dilutions, from 70 per cent alcohol to the 95 per cent
usually sold in the shops, and has come to regard them all equally
effective.

Another method of egg-shell disinfection, simple but not as quick
as the alcohol method, is to wipe all eggs just prior to placing them
in the egg tray with a cloth saturated with a 3 per cent solution of
compound solution of cresol (liquor cresolis compositus) or cresol
soap. (A 3 per cent solution of cresol soap is made by adding 2 table-
spoonfuls (1 ounce) of compound solution of cresol to 1 quart of
previously boiled water.) \

6. CLEAN INCUBATORS AND BROODERS.—This is carried out by thor-
ough scrubbing with boiling water and old-fashioned kitchen soap.
If, however, this should not be considered sufficient, there may be
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applied, after the scrubbing, a spray with a 3 per cent solution of
cresol soap, made as directed above, except that the water used in
making the dilution need not be boiled, as suggested for egg disin-
fection.

Another excellent method of disinfection is by means of formalde-
hyde gas. The most widely accepted method of employing this disin-
fectant is that known as the permanganate-formaldehyde method.
This consists of setting free the formaldehyde gas of the commercial
product formalin (40 per cent formaldehyde in water) by the action of
permanganate of potash. A modification of this method, known as the
permanganate-diluted formalin, is particularly satisfactory because
the addition of the water insures the moisture conditions needed for
the best results from the formaldehyde, these conditions permitting
also a marked reduction in the required amount of formaldehyde.

As a preliminary to all directions for this method of disinfection
it should be stated that the best authorities do not consider for-
maldehyde efficient at a temperature lower than 60° F. nor W1th a
humidity less than 65 per cent.

Where one has an incubator room, the room should be disinfected
with the incubators and brooders in it, together with all other mova-
ble appliances of the poultry farm, such as feed and drinking uten-
sils, trap nests, and other appliances. All detachable parts of these
appliances should be removed and placed about the room in such
positions that the gas may have easy access to all surfaces. Incu-
bators and brooders should be thrown wide open. Now, plug up
all openings, doors, windows, and cracks with bits of cloth or rags.
Cracks and other openings offering perfectly flat surfaces may be
satisfactorily sealed with strips of adhesive plaster or wet strips
of newspaper. For a room containing 1,000 cubic feet (say 10 feet
square and 10 feet high, or 10 feet by 12 feet and 8} feet high) there
must be used 11 ounces of permanganate of potash, 11 fluid ounces
of formalin, and 9 fluid ounces of water. The procedure is as follows:

In the center of the room, upon the dirt floor or upon a base suffi-
ciently large to protect the floor from stains by the red permanganate
which may be spattered around, place a basin or flat earthen vessel
with flaring sides that will not hinder the exit of the gas generated.
In the bottom of this container place 11 ounces of permanganate of
potash for every 1,000 cubic feet of space in the room. Have at
hand 11 fluid ounces of formalin and 9 fluid ounces of water for
every 1,000 cubic feet. Mix the formalin and water in a pail and
pour the entire amount on the permanganate of potash. Leave
the room immediately, closing the door tightly, and allow it to remain
closed for from four to eight hours. After this the doors and win-
dows should be opened (if possible from the outside in order to avoid
entering the room and inhaling the pungent, irritating fumes of
formaldehyde gas) and the room well aired for several hours.
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It may sometimes become necessary to disinfect a single incubator
or brooder. The following suggestions are offered for those who de-
sire to use at such times the permanganate-diluted formalin method.
Keeping in mind the impossibility of making these machines abso-
lutely air tight, the writer is accustomed to recommend the following
procedure and adaptation of the ratio mentioned above in the disin-
fection of an ordinary 240-egg incubator. Start the lamp, so that
the incubator shall be thoroughly warmed. Cover the slat bottom
of the incubator with a few layers of newspaper, tacking or pasting
(preferably the latter) the four sides. Plug all cracks and openings
except the door space. Whenever possible, soiled diaphragms should
be replaced with new felt or burlap, as the case may be. If it is not
feasible to do this, wash off all dirt and tilt the diaphragms inside the
incubator so that they may not interfere with the free progress of the
gas. Put out the lamp. Place in the center of the newspaper-covered
floor of the incubator a saucer containing 1 leveled teaspoonful of
crystals of permanganate of potash. Mix 2 teaspoonfuls of formalin
(38 to 40 per cent formaldehyde) with 2 teaspoonfuls of water and
pour upon the permanganate of potash. Quickly close the incubator
door, making the cracks as tight as possible by means of wet news-
paper. After four or five hours open and air the incubator for a few
hours. The pungent, irritating, formaldehyde-laden atmosphere that
sometimes lurks about the incubator after this treatment may be neu-
tralized by placing in the incubator a saucer containing a very small
quantity of weak ammonia water.

7. CLeaN BrEEDING.—This is accomplished by breeding from the
youngest females consistent with good breeding.

REASONS FOR APPLYING THE MAXIMS.

Let us look at some reasons connected with the application of each
of the maxims.

1. CLeax our witH Epsom saLr—TFor the same reason that a
chicken uses the dust bath, it is given the Epsom salt, namely, to get
rid of or to diminish the number of parasites. The dust bath assists
in removing the ectoparasites (outside parasites); the Epsom salt
cleans out the endoparasites (inside parasites). Some of these may
be large enough to be seen with the unaided eye, as, for instance, the
various intestinal worms, whereas others may be minute enough to
require high powers of the microscope for detection, or even be so
infinitesimal as to belong to the class of ultramicroscopic germs.

It is customary to regard the presence of intestinal worms as a
more or less normal condition and not deserving of any anxiety.
But it may well be pointed out that the intestinal parasites of
chickens, be they worms, molds, bacteria, or protozoa, are certainly
not beneficial to the chicken. On the other hand, any one of them,
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no matter how apparently harmless, may produce disease or develop
conditions in which certain well-known disease-producing parasites
may operate, or may, during their so-called harmless development,
cevolve poisons which, given certain accidents to the lining mem-
brane of the intestinal tract, may suddenly provoke a fatal disease
in the bird. Hence it is necessary not only to clean out the intestinal
tract by means of Epsom salt but to keep it in this condition.

What has just been said is not merely with reference to the pre-
vention of disease. Suppose disease of any form has attacked the
bird. It now requires the maximum of its disease-resisting powers
for a successful defense. But suppose the bird is already engaged
in battling with intestinal parasites and neutralizing their toxins.
It is as if a nation engaged in civil war is suddenly called upon to
defend itself against a foreign invasion. So, when the flock is
attacked by disease or a single bird becomes ill, even though the
affection be only bumblefoot, the poultryman should clean out with
Epsom salt. By this means he will not only stimulate the disease-
resisting forces of his birds, but will also relatively increase those
powers by the removal from the intestinal tract of parasites and
poisons which would otherwise have to be overcome.

2. CLEAN UP BY SPREADING POWDERED AIR-SLAKED LIME.—This is im-
portant chiefly because of its association with No. 4 (clean food).
More cases of disease are probably developed through parasite-con-
taminated food and drink than any other means. We have every rea-
son to believe that the causative organisms of disease in the respira-
tory and digestive tracts are passed out of the body of the bird in
immense numbers in the droppings. Thus disease is spread from bird
to bird by means of the infective droppings of a sick fowl or chick;
or it may reach the flock from a neighbor’s sick poultry by the
wind wafting the dust from his poultry yard contaminated with the
infection-laden droppings of his diseased stock, or being tracked from
his place by dogs or cats or even by mutual friends, or it may be car-
ried from place to place by such birds as sparrows and crows. It must
be remembered, too, that it is not alone the sick birds that are thus a
source of danger. In poultry hygiene asin human sanitation one must
beware of the “ carrier” of causative agents of disease, not only
bacillus carrier but microbe carrier, using this latter term to include
the molds and microscopic animal forms, such as coccidia, the
cause of white diarrhea in chicks, and also parasite carrier, under
which term are included the larger parasites, such as worms. These
carriers are divided into three classes—sick carriers, chronic carriers,
and healthy carriers. Agsinst the sick carriers the poultryman is
naturally forewarned and forearmed. But as the soldier dreads the
ambushed foe, so let the poultryman be wary of the covert attack
on his flock by parasitic enemies which stealthily approach the bird
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under cover of the “once sick but now supposed to be cured ” bird
(chronic carrier), and hidden in the intestinal tract of healthy birds
(healthy carriers) that have simply picked up the parasites and are
carrying them without being affected by them. Against all such
risks the poultryman materially defends himself and his flock when
he cleans up with powdered air-slaked lime.

Maxims 1,2,and 3 form together a strong combination in combating
the baneful influences of these carriers. The sprinkling of the lime
should be carried out the same evening that the Epsom salt is given.
The cleaning-out process is accomplished largely during the night
and the air-slaked lime on the droppings boards serves to destroy the
parasites thus ejected froimn their harboring hosts, whether sick,
chronic, or healthy carriers. Therefore, whenever Epsom salt is
administered it is well to sprinkle air-slaked lime about the premises,
especially under the perches.

8. CLEAN THE WATER SUPPLY.—Water-borne diseases are frequent
in the poultry yard. If the poultryman permits, consciously or
unwittingly, to run at large one bird sick with any of the con-
tagious diseases of the head parts or with bowel diseases, it is prac-
tically certain that the water supply will be contaminated in less than
one hour’s time. In the case of a large flock affected with flagellate
diarrhea, the writer found the flagellates in less than one hour’s time
in the drinking water which had been sterilized and placed in thor-
oughly disinfected fountains. It is well known how boards of health
throughout the country recognize the danger which lurks in the
public drinking fountain, and endeavor to safeguard the public
health by adopting the individual drinking cup. While the poul-
terer can not adopt the individual cup for his fowls, he can by
hygienic methods secure an equally good result by adding every few
days (daily during the prevalence of disease) one of the antiseptics
previously mentioned on page 181. In the proportions named, these
remedies do not actually disinfect the water, that is, destroy the
microbes deposited in it by sick birds. They act rather as antisep-
tics; that is to say, they serve to inhibit the development of bacterial
and other microbial life. This hindering of microbic growth occurs
not only in the drinking fountain, but is maintained in the intestinal
tract, thus making maxim 3 a splendid adjunct to maxim 2.

In ordinary circumstances, wheré drinking water is supplied in
containers, these vessels should be sterilized once daily by means of
hot water, and the water should be changed once a day in cool
weather and twice daily in warm weather. During’ the prevalence
of disease the water can not be changed too often and the vessels
might well be scalded twice daily.

4. Creax rFoon.—This, as before stated, must be accomplished by
preventing contamination, or, when that occurs, by the application of
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heat. A man once said to the writer, “ Oh, chickens love moldy
bread; they will eat all they can get of it, and it never hurts them.”
That man, unfortunately, had never learned to reason from cause to
effect, and was, therefore, unfitted to deal with health questions.
Few, if any, of the intelligent men and women who are practical
poulterers would care to furnish moldy feed to their high-priced
prize winners. Pathologists recognize a disease called mycotic enter-
itis, which is an inflammation of the intestinal tract, manifesting
itself by diarrhea and caused by the presence of some mold. They
also recognize mycotic pneumonia, which is an invasion of the
bronchial tubes by the mold known as Aspergillus fumigatus, giving
rise to the disease known as aspergillosis. This disease is of frequent
occurrence in pigeons and pigeon feeders, owing to the presence of this
mold on the corn which the feeders take into their mouths along with
water and force into the mouths of the “ squealers ” in a fashion simi-
lar to that practiced by the parent birds.

Tt is hard to estimate the immense value that hopper feeding has
been to poultrymen in that it preserves the food from contamination
such as occurs when grain is scattered. Nevertheless grain must be
scattered, for the scratching shed is a necessity. However, moldy
litter should be avoided. The removal of moldy clover chaff has
been reported as ending a siege of aspergillosis in chicks (brooder
pneumonia). Recently one of the State experiment stations pur-
chased for litter some straw that had been baled while damp. A
few days after the introduction of this straw the chickens began to
die. Post-mortem examination revealed pneumonia, the lungs show-
ing minute white spots. Bacteriologic investigation of these spots
demonstrated the presence of a mold which was found also in the
straw. The immediate removal of this litter and the introduction
of clean straw checked the illness of the fowls.

These considerations point to the necessity of keeping the chicken
feed free from mold; for example, moldy feed and meat scrap that
“smells bad.” With the latter, cases of bacillary diarrhea or toxic
. conditions similar to that known as ptomaine poisoning may be ex-
pected. If, in spite of the utmost care, as may sometimes happen,
mold should creep into grain which it is compulsory to feed, treat it
as the housewife has for years treated such accidents—by applying
strong heat. Theré is immense satisfaction in realizing that the day
is past when it was thought that moldy grain which could not be used
by human beings would do for the horse, what was too bad for the
horse would do for the cow, what was too bad for the cow would do
for the hogs, and that which the farmer would not dare give to the
hogs might be thrown to the chickens.

5. CLeaN Eces.—The reason for dipping eggs, just prior to incuba-
tion, in grain alcohol is the fact that as they come from the hen
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they are compelled to pass through the cloaca, which gives passage
likewise to the droppings. Thus the exterior of the eggshell is
certain to be contaminated with whatever infectious microbes are
lurking in the intestinal tract of the hen. If, as is very likely to be
the case, the hen is parasitized with coccidia, the shells of her eggs
are certain to be contaminated with the coccidial cysts, which under
the influence of the heat and moisture of the incubator develop to
the stage necessary for the transfer of the disease to the chick. Then,
when the chicks begin to peck, as peck they will, during the first 24
hours, some of these cysts will be taken into the alimentary tract and,
upon reaching the duodenum (that portion of the intestine immedi-
ately following the gizzard), will be dissolved by the pancreatic
juice, so setting free the coccidial forms that attack the lining mem-
brane of the intestine and thus precipitating an outbreak of white
diarrhea in the flock. There are many poultry breeders who are
prepared to vouch for the marvelous results that have followed the
cleansing of eggs just prior to incubation. However, the eggshell is
not the only source of the contagion of white diarrhea, so that merely
dipping eggs and then continuing to be careless on all the other
points is not likely to be a sufficient preventive.

6. CLEAN INCUBATORS AND BROODERS.—The chief necessity for this is
because previous use has tended to infect them. For instance, the
infected eggs of a first hatch may not have been dipped, although
through some fortunate combination of unrecognized -factors the
chicks did not come down with the disease; nevertheless, the organ-
isms are there. Again, in view of the widespread infection of adult
stock by coccidia, and the writer’s demonstration of the causative
relation of these coccidia to the almost universally prevalent white
diarrhea of chicks, every poulterer should act on the assumption that
his adult stock is infected, that therefore the eggshells have been
contaminated, and hence that a prev10usly used incubator needs
disinfection.

7. CLean BreEDING.—Consideration of a few facts will demonstrate
the advisability of breeding with the youngest females consistent with
all known principles of good breeding. A few years ago the writer
made the announcement that so-called brooder pneumonia is caused
by the presence of a mold, Aspergillus fumigatus, in the lungs of
the chicks. That was the demonstration that brooder pneumonia is
a pulmonary aspergillosis. The writer has examined cases dead
within 24 hours after hatching in which more than half the lung
tissue has been transformed into a solid, cheesy mass. Such a condi-
tion could not have developed after hatching. The time necessary
for the development of such. lesions would carry the starting point
back into the period of incubation, hence the only possible method of
accounting for such early disease would be to suppose the presence of
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the mold within the egg and its development in the egg along with
the embryo, the conditions of incubation being ideal for mold de-
velopment. That eggs may carry mold infection has long been
known. Gayon, in 1875, reported finding in eggs a mold which ap-
pears to have been Aspergillus fumigatus. Since that time several
investigators have noted the presence in eggs of this pathogenic
mold. More recent investigations have revealed also the presence of
various bacteria, both harmless and disease-producing, in the egg
contents. ,

The question now arises as to how and where this infection of the
egg occurs. It is known that infection of the egg may take place by
passage of the microbes through the shell from the outside. Eggs
kept in damp places are known to be thus infected with molds, while
eggs whose shells have been allowed to remain in a filthy condition
have revealed a bacterial infection of their contents in marked accord
with the microbic contamination of the outside of the shells.

Some very recent experiments have shown that the eggs of virgin
pullets reveal a much lower rate of bacterial infection than eggs
from females that have been associated with the male bird. The
act of copulation as carried out among fowls always results in the
introduction of more or less dirt into the oviduct of the female, thus
entailing gradual infection 6f the egg tube and ovary with microbes
found in the soil contaminated with poultry droppings, to say noth-
ing of the transfer from the cock bird’s cloaca of pathogenic micro-
organisms derived from his own intestinal tract. It has long been
recognized in a general way that infertile eggs did not suffer putre-
faction in the incubator, while fertile eggs that did not go on to the
development of the embryo were quite prone to become rotten.

The investigations referred to furnish us with the exact status of
this question. There are infertile eggs other than those from virgin
pullets, but it is not so much the infertile eggs as the eggs from virgin
pullets that are free from infection. And here the poultryman’s
judgment and experience placed him on ground which the bacteri-
ologist has now justified. Knowing from other and extensive in-
vestigations that constant breeding from pullets resulted in deteri-
oration of the stock, poultrymen have taken to using their pullets
merely as layers, reserving them for breeding only after the pullet
age was passed. Then, as stated above, believing that infertile eggs
did not spoil as quickly as fertile eggs, they decided that it was best
to keep these laying pullets apart from the male bird. These in-
vestigations have justified this course and have also demonstrated
that immediately upon association with the male bird the females
are in danger of infection of the egg tube and egg bag and conse-
quently of the egg itself. Recognizing this possibility that con-
stantly menaces the breeding birds as against the layers, if disease
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persists among the chicks in spite of cleaning out the intestines of
the old birds, and spreading lime about the place and cleansing the
water supply, and dipping the eggs prior to incubation, and dis-
infecting the incubators and brooders, the poultryman should look to
the breeding stock. It must be remembered that from the moment
a hen is mated there arises the possibility of infection of the repro-
ductive organs which may be transmitted to the egg and so to the
embryo, causing either death in the shell or of the newly hatched
chick. All mated birds must therefore be regarded as potentially
infected. '

The experiments of Rettger and Stoneburn at Storrs Agricul-
tural Experiment Station in the investigation of Buacterium pullorum
are conclusive as to the transfer of disease-producing microbes from
the ovary of the hen to the egg and thence to the embryo, thus caus-
ing death of the embryo in the shell or a fatal septicemia of the
newly hatched chick.

7 APPLICATION OF THE MAXIMS TO THE TREATMENT OF DISEASE.

It must not be imagined that all necessary treatment of disease
begins and ends with the employment of the seven maxims which
have been enunciated in this paper. These primary principles have
their place as the basis of all successful treatment. In many cases
they might, very likely should, prove sufficient in themselves. Fre-
quently, however, they must constitute only the foundation upon
which a complete and efficient treatment may be built. Hence it
seems wise at this peint to present somewhat in detail the applica-
tion of these maxims in the treatment of some of the diseases of
poultry. Fortunately, most of the important diseases may be so
grouped as to permit suggestions for the intelligent application of
these maxims to any disease. Such, it should be understood, is the
sole object of this section. It is not a manual of treatment; it is,
rather, a mere outline of treatment of some representative groupings
of poultry ailments for the purpose of incorporating the maxims
studied above and of showing their relation to whatever specific
treatment—Ilocal or general—may be adopted.

DISEASES OF THE REGION OF THE HEAD.

The one prominent disease group that occurs to the mind in con-
nection with this title is that collection of ailments known under the
general term of “ roup.” This name includes for the writer all affec-
tions usually so designated by poultrymen in different parts of the
country, namely, snuffles, wet nose, cold in the head, contagious catarrh,
sore eyes, cold in the eyes, roupy disease of the eyes, diphtheritic sore
eyes, sore mouth, sore throat, roupy disease of the mouth, diphtheritic
sore mouth, chicken diphtheria, diphtheritic roup, and canker. Being



190 YEARBOOK OF THE DEPARTMENT OF AGRICULTUREL,

an infectious disease, roup is caused by microbes, not by drafts or
dampness. These latter are predisposing factors which operate, as
in a common cold, by furnishing conditions favorable for the multi-
plication of the roup germs. Hence, for the purposes of this paper,
roup should be before the mind in treatment when there occurs in
birds any deviation from the normal in the condition of the eyes or
upper air and food passages, whether it be watering of the eyes, run-
ning at the nose, or slobbering, on the one hand, or, on the other hand,
the presence in eye, nostrils, or mouth of yellowish, cheesy material,
and (note this particularly) whether, with any or all of these symp-
toms, there is or is not an odor.

Without doubt the only safe treatment of roup is to kill the sick
birds by a bloodless method, immediately burn their carcasses, and
then, directing attention to the apparently healthy birds, clean out,
clean up, and clean the water supply as previously directed in
maxims 1, 2, and 3. N

If, however, the poultryman for any reason desires to treat the
sick birds, they should be isolated at once, kept at a safe distance
from the flock, and visited only after the healthy birds have received
their usual attentions. The poulterer immediately on leaving the
hospital should change or disinfect his shoes, remove his hospital
overalls, and thoroughly wash his hands and clean his nails. He
must keep constantly before his mind the fact that he is maintaining
a pesthouse on his premises, and everything must be done to prevent
transfer of the contagion from sick to well.

For the birds which are apparently well it is sufficient to clean out
once a week, clean up by a liberal use of air-slaked lime, and clean
the water supply daily. In the treatment of the isolated sick birds
the indications are to clean out, clean up, clean water supply, and
apply local treatment (Epsom salt may be administered twice and
even three times a week until signs of improvement are manifested).
Local treatment will vary according to the different phases assumed
by the disease. Nevertheless, all portions of the upper air and food
passages should receive some attention. This is required by the
intimate relationship existing between mouth, throat, gullet, wind-
pipe, cleft palate, nostrils, orbit, and groove (sinus) surrounding the
orbit. ‘

In all cases, by means of a medicine dropper or a small oil can,
inject into the nostrils a few drops of peroxid of hydrogen. Flush
the eyes with a saturated (4 per cent) solution of boric acid (1 heap-
ing dessert-spoonful to 1 pint of water, preferably boiled water), or
with a wash composed of 1 heaping dessert-spoonful of powdered
borax to 1 pint of water. Remove all cheesy matter by means of a
thin probe covered with absorbent cotton and wet with the solution
of boric acid or borax. The mouth and throat should be swabbed
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freely with a mixture of equal parts of peroxid of hydrogen and
boiled water. Cheesy matter in the cleft palate and canker patches
in the mouth should be scraped away and the exposed surfaces
painted with peroxid of hydrogen. Swellings under or around the
eye are phases of roup and are best treated locally by injections into
the nostrils and incision of the skin over the center of the lump,
when, by a little pressure, the contents usually roll out like the yolk
of a hard-boiled egg. The cavity may be painted with tincture of
iodin.

Chickenpox, or sorehead, is by some eminent investigators regarded
as another manifestation of roup. Others equally prominent doubt
the identity of the two affections. It is, however, a contagious dis-
ease, and, if treated, should be dealt with upon the principles out-
lined above for roup. The indications are to clean out, clean up,
clean the water supply, and apply local treatment. This last con-
sists in removing the warts or scabs as they form on the comb or
unfeathered portions of the head and paint the exposed surfaces with
turpentine or tincture of iodin.

DISEASES OF THE INTESTINES.

This disease group equals in importance that previously considered.
In fact, when chicks, as well as older birds, are taken into account,
intestinal affections cause a much greater mortality. The various
affections belonging to this group are so generally characterized by
diarrhea as the prominent symptom that the name “ diarrhea,” with
various prefixes (white, pasty, bacillary, protozoal, coccidial, flagel-
late, verminous), is apt to be the more common designation. What-
ever the character of the disease, whether it presents the symptom
of diarrhea or of constipation, whether it appears to be a mere dis-
turbance of the digestive apparatus from improper feeding or a
manifestly infectious malady, it must be understood that after a few
days the disturbance takes on the character of a local intestinal infec-
tion, due to the multiplication of microorganisms in the intestinal
tract. Hence all indications for treatment must be based on the
possibility of infection either present or imminent. These indica-
tions are met by maxims 1, 2, and 3—clean out, clean up, and clean
the water supply. If the intestinal disturbance has been induced by
moldy or otherwise improper feed, further treatment, as indicated in
maxim 4, is called for, namely, stop feeding the contaminated mate-
rial; or if compelled to continue, apply strong heat to the moldy
feed stuff.

It is doubtful if a complete cure is ever effected in cases of infec-
tious diarrhea. Some of the infective organisms are apt to become
permanently located in some portion of the intestinal tract. As a
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result the cloaca becomes contaminated with these microbes, and con-
sequently there takes place a pollution of the eggshell in its passage
through the cloaca. Tlence the next indication is met by maxim 5,
cleanse eggs in grain alcohol just before placing them in the incubator.
Moreover, since there is always the possibility of a mild attack of
one of these infectious diarrheas having escaped the poulterer’s
notice, with the result that eggs from a hen which has thus suffered
have been placed uncleansed in the incubator, a further indication
for treatment in the overcoming of diarrheal affections in poultry
calls for the treatment required by maxim 6, clean incubators and
brooders. Sooner or later, if these affections persist in the flock, the
poultryman must recognize the value of maxim 7, clean breeding by
using the youngest females consistent with the requirements govern-
ing the production of vigorous stock.

Before starting in on a course of treatment like the above the
poulterer should consider whether the sick birds are worth the
trouble. He should also consider whether he can afford to risk the
exposure of his healthy birds to the dangers incident to the pres-
ence of disease upon his premises. Whichever way he decides, he must
undoubtedly see that it is better to apply the seven maxims of this
paper as a preventive measure than wait to adopt them as a basis of
treatment. He must further remember to quarantine all new birds,
and neither introduce into the flock nor allow to remain in it any
bird that shows watery eyes, running at the nose, noisy breathing,
or soiling of the feathers around the vent. Such birds, in all prob-
ability, suffer from roup or intestinal infection in mild form, yet
are able to disseminate the causative agents of the disease through-
out the flock.



FIBERS USED FOR BINDER TWINE.

By Lyster H. DEWEY,
Botanist in Charge of Fiber-Plant Investigations, Bureau of Plant Industry.

INTRODUCTION.

Binder twine is used to tie into bundles nearly 90 million acres of
small grain harvested annually in the United States. In addition to
the sheaves of wheat, oats, barley, rye, rice, and flax, which are
cut by the grain binders, increasing areas of corn are being harvested
by corn binders. The quantity of twine required varies widely for
light or heavy crops and for different crops, also for different kinds
of twine, but as an approximate average it may be estimated at about
2 pounds per acre for small grain and 8 pounds per acre for corn.
More than 190 million pounds of binder twine are used annually
in the United States. The farmer pays for this more than $15,-
000,000. This twine is used but once and in its use is destroyed.
Hay rope may be used over and over again before being worn out,
and after that it may be converted into paper stock. But not so with
binder twine. No attempt is made to recover it for any purpose,
and in ene operation it uses up completely more than 90,000 tons of
new fiber each year. The demand for binder twine has been a most
mportant factor in the development of hard-fiber production.
During the 35 years since self-binders came into general use for
harvesting grain in the United States, the production of fiber from
the henequen plant in Yucatan has increased more than sevenfold.

REQUIREMENTS OF BINDER-TWINE FIBER.

A fiber to be used for binder twine must be strong, rather stiff,
averaging more than 30 inches long, clean, and straight, not subject
to injury by moisture, mildew, or insects, and it must be compara-
tively inexpensive. These requirements are best fulfilled by the hard
fibers, abacd (Manila hemp), henequen, sisal, cantala, cabuya, and
phormium, and to a less degree by the soft fibers, flax, hemp, and jute.
Cotton, which has a wider range of uses than any other textile fiber,
is not suitable for binder twine. All of the hard fibers used in the
manufacture of binder twine are imported (See PL III, fig. 1.)

The principal kinds of binder twine quoted in the markets are
the following:

(1) Pure manila (650 feet to the pound), made of a good quality
of abaci fiber.
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(2) Manila (600 feet to the pound), made of abacd with a mixture
of other fibers.

(3) Standard manila (550 feet to the pound), made of mixed
abacd and henequen fiber.

(4) Standard (500 feet to the pound), made of henequen (sisal)
colored ‘o resemble abaci.

(5) White sisad (500 feet to the pound), made of henequen fiber,
sometimes with a mixture of other fibers, but not colored.

Abacéa, commonly called “ Manila hemp,” and henequen, known as
“sisal ” in the trade, are used for binder twine more than all other
fibers combined. (PL III, fig. 1.) Other hard fibers used to a lim-
ited extent, chiefly for mixing with abaci or henequen, are sisal,
phormium, Manila maguey, mescal maguey, cabuya, and mauritius.

ABACA.

The best and highest priced grades of binder twine are made of
abacd.! This fiber is obtained from the leaf stems of the abaci plant
(Musa textilis). (Pl V, fig. 1.) The abaca plant is nearly related
to the banana plant, which it very closely resembles, except that its
fruit is not edible. It is native in the warm, rainy districts of the
Philippines, where, in many localities, it is still abundant in the wild
state. The abacd fiber of commerce is obtained exclusively from
plants that are cultivated. Attempts have been made to introduce
the cultivation of abaci into southern India, the Andaman Islands,
Borneo, Cuba, and Porto Rico, but owing to unsuitable conditions
of soil or climate or to lack of facilities for preparing the fiber, the
1ndustry has not become established outside of the Phlhppmes,
except in Java.

The cultivation of these plants, of which about a dozen horti-
cultural varieties are recognized, is confined to limited, warm, moist
areas in the Philippines and Java. Abaci requires for successful
growth a rich, deep, loamy soil of rather loose texture, moist, yet
with good dram&ge It must have a rainfall of 60 inches or more,
well distributed, so that there may be no severe drought at any season,
but the drainage must be such that the water will not remain stag-
nant about its roots. Many of the best plantations in the Philippines
are on volcanic soils, near the bases of mountains sloping south and
east, where there is abundance of rain, good drainage, warm sunshine,
and protection from strong winds.

Abaca plants produce seeds in black, bananalike fruits, but they
are commonly propagated by suckers which spring up from the roots.

1The name ahac is preferred to Manila hemp because neither the plant nor the fiber
bears any relation to true hemp.
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These are set out in rows about 8 feet apart each way, and the soil
around each plant is kept free from weeds by hand cultivation with
the bolo or hoe. On some of the well-managed plantations better
results are obtained by thorough, clean cultivation with cultivating
tools drawn by mules. The plants attain a height of 15 to 20 feet.
The first stalks are cut about 18 months after setting out the
suckers. The leaves are trimmed off, leaving the trunk 8 to 12 feet
long and 5 to 8 inches in diameter, composed of the leaf stems over-
lapping in concentric layers, extending nearly from base to summit.
The trunk is separated into these component leaf stems 6 to 10 feet
long, 5 to 8 inches wide, and about three-eighths of an inch thick.
The leaf stems in turn are split into strips 1 to 2 inches wide and the
spongy inner portion is scraped away, as the good fiber is only in the
thin outer layer of each successive sheathing stem. The thin, flat
ribbons, or “tuxies,” thus prepared are drawn by hand under a
blunt knife pressed by a spring against a wooden block. This process
scrapes away the pulp, leaving clean white abaci fiber. The fiber
is dried in the sun and after sorting is ready to be baled for market.
Twelve different grades of abacid are quoted on the market, the
differences resulting chiefly from greater or less care in cleaning and
preparing the fiber. These grades range in price from about 5 cents
per pound for the lowest to about 10 cents for the highest. Most of
the “pure manila” binder twine is made of the “midway,” or
medium, grade, ranging between the grades known as “ fair current ”

and “ good current.”
HENEQUEN.

The largest quantity of binder twine is made of fiber obtained from
the leaves of the henequen plant (Agave fourcroydes). (Pl IV, fig.
1.) This fiber is commonly known in the trade as “sisal,” because it
was formerly shipped from the port of Sisal in Yucatan, but it is
different from the fiber of the true sisal plant. Henequen is native
in southeastern Mexico, and it is cultivated in Yucatan and Cam-
peche and to a limited extent in the States of Chiapas, Sinaloa, and
Tamaulipas, Mexico, and also in Cuba. It is rarely seen outside of
these regions. It requires a hot, dry climate and well-drained lime-
stone soil. In Yucatan, where it thrives best, the lowest recorded
temperature is 48° F., and the annual rainfall is about 30 inches.
The atmosphere is very dry, except when it is actually raining, and
the porous limestone soil affords excellent drainage. This soil also
permits free access of air to the roots, which is necessary for the best
development of henequen.

Henequen plants produce seeds and bulbils, similar to top onions,
but they are propagated chiefly by suckers which grow from the root-
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stocks. The suckers are set out in rows about 9 feet apart and about
6 feet apart in the row. The vegetation between the plants is kept
down usually by cutting with machetes. Better results are obtained
by clean cultivation where the land is not too stony.

The first crop of leaves is cut 4 to 7 years after planting, usually
the sixth or seventh year in Yucatan, and after that annual or semi-
annual crops are cut for 10 to 20 years. Only the two outer or
lower rows of leaves are cut at each harvest, leaving the others to
develop. The spines on the point and margins are trimmed off and
the leaves are tied in bundles of 50 each and taken to the cleaning
machines. Nearly all of the henequen fiber of commerce is cleaned
by machinery within 48 hours after the leaves are cut. Most of the
machines work on the same general principle. The leaves, fed side-
wise in a continuous row at the rate of 3,000 to 30,000 an hour, are
grasped near the center and carried forward past a rapidly revolving
wheel with scrapers which beat and scrape away the pulp from one
end of the leaf. The grasping device is then shifted to the cleaned
fiber, and the leaf is carried on past another wheel which scrapes
away. the pulp from the other end of the leaf. (Pl V, fig. 2.) The
fiber, cleaned in this manner in about six seconds, is dried in the sun
and is then ready to be baled for market. This fiber is of a light
reddish yellow color and 3 to 4 feet long. It is delivered at the mills
in the United States at 4 to 6 cents per pound.

S1SAL.

The true sisal fiber is obtained from the leaves of the sisal plant
(Agave sisalana). (Pl IV, fig. 2.) This plant is native in southern
Mexico and Central America. It is cultivated for fiber production
in the Bahamas, Hawaii, German East Africa, and on a few planta-
tions in India and in Chiapas, Mexico, but in Yucatan it is cultivated
to 'only a small extent for the production of fiber for domestic use.
Tt is more widely distributed in gardens and collections of economic
plants than any other fiber-producing Agave. It is often incorrectly
labeled “Agave rigida sisalona.” Tt will endure slight frosts and a
eonsiderable variation in soil and moisture better than henequen, but
for profitable fiber production it should be cultivated only in dry
limestone soils in regions where the temperature does not fall below
freezing.

Sisal produces suckers and bulbils, as does henequen, but no seeds.
The bulbils, and usually the suckers, are cultivated 6 months or more
in a nursery before being set out in the field. When 15 to 20 inches
high they are transplanted to the field and set out in rows 6 to 9 feet
apart. The first crop of leaves is cut 3 to 5 years after transplant-
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ing, and annual or semiannual crops are obtained for 4 to 10 years
thereafter. Much of the sisal fiber in the Bahamas is cleaned by hand
after the leaves have been soaked in water to soften the pulp. This
produces a dull-gray or dingy-colored fiber of poor quality. The best
sisal is cleaned by machinery in the same manner as henequen. When
properly cleaned it is clear, ivory white, with a good luster, and it is
stronger than henequen. Well-cleaned sisal commands a price some-
what better than henequen, and it can be used to better advantage in
higher grades of cordage than binder twine, while the hand-cleaned
sisal is too poor to be made into binder twine, except for mlxmg in
the lowest grades.

PHORMIUM (NEW ZEALAND HEMP),

Phormium, also called New Zealand hemp and flax, though not at
all like either hemp or flax, is obtained from the leaves of Phormium
tenar in New Zealand. (PL III, fig. 2.) This is the most important
hard-fiber plant outside of the Tropics. It is cultivated as an orna-
mental plant in parks in California and on the Atlantic coast as far
north as Charleston, S. C. It is not cultivated systematically in
New Zealand, but is left in a semiwild state when the land is cleared
of other vegetation. It grows in moist, rich land and in reclaimed
swamps, forming dense clumps 2 to 4 feet in diameter. The leaves
are 4 to 10 feet long, 1} to 2 inches wide, and about one-sixteenth of
an inch thick, with a rather firm texture and a hard surface, making
it difficult to scrape away the pulp without injury to the fiber.

The fiber is prepared by beating, soaking in water, scraping, dry-
ing, beating a second time, sorting, and baling. This fiber, as com-
monly prepared in New Zealand, is 4 to 8 feet long, reddish yellow
in color, finer and softer, but much weaker than abacd. It resembles
abacd more nearly than any other fiber and may be mixed with it in
spinning, but it is too weak to be used alone for binder twine.

Phormium and abaci may be distinguished from henequen and
sisal fibers by burning and noting the color of the ash, that of abaca
being almost black, phormium very dark brownish gray, and hene-
quen and sisal light gray or nearly white. Sisal from Java, entering
our market in small quantities, probably yields a dark ash because
it is grown on soil containing little lime.

MAURITIUS.

Mauritius is a hard fiber, white in color, finer and more flexible
than either henequen or abacé, obtained from the leaves of aloes vert
(Furcraea foetida) in the island of Mauritius. This plant, native in
eastern Brazil, is cultivated for fiber production in Mauritius and,
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to a limited extent, in India. The plant grows like sisal, but has
much larger leaves, measuring 4 to 8 feet long and 6 to 8 inches wide,
with a small, blunt, horny tip. Two forms are recognized in Mau-
ritius, “ aloes malgache ” (Furcraca foetida) of the highlands, and
“aloes creole” (Furcraea foetida willemetiana) of the lowlands.
The lowland form is preferred for fiber production, although its
leaves are more disagreeable to handle because of the sharp, hooked
spines along their margins.

The fiber is prepared by beating, soaking, scraping, washing with
soap and water, drying, and beating again. This laborious method
produces a very white, flexible fiber, capable of absorbing more than
its weight of oil, but too weak to be used alone for binder twine. It
may be useful for mixing with other fibers to improve the color of
twine or to increase its capacity for holding oil.

CABUYA.

Cabuya fiber, produced to a limited extent in Costa Rica and occa-
sionally quoted in the markets as “ Central American sisal,” may be
used for binder twine. It is obtained from the leaves of the cabuya ,
plants (Furcraea cabuya and Furcraea cabuye integra). These plants
are now being cultivated in Costa Rica, but thus far the fiber, cleaned
by hand, has been inferior to that from Yucatan henequen. When
properly prepared it is longer and stronger than henequen fiber.

MANILA MAGUEY.

Manila maguey is a comparatively new fiber in the market. It is
produced in the Philippines from the leaves of the Manila maguey
plant (Agave cantala). This agave, although undoubtedly native
in the American Tropics, is known only in the East Indies, and within
the last decade it has been cultivated on a commercial scale in the
Philippines and Java. The plant is known in Java as “nanas
sabrang ” and “ cantala.” It is there cultivated on large plantations
like henequen in Yucatan, and its fiber is prepared by the same kind
of machines. In the Philippines most of the Manila maguey is pre-
pared by hand, and the quality of the fiber is injured by soaking the
leaves in water to facilitate the work of hand cleaning. In India
this plant is used for hedges along railways and roadsides. The
leaves collected from these plants and treated by crude hand methods
produce a large proportion of the fiber known in the market as
“ Bombay aloe.”

The fiber when properly cleaned is whiter, finer, and more flexible
than henequen. It is used to a limited extent in binder twine, chiefly
for mixing with other fibers.
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MESCAL MAGUEY.

Mescal maguey, a fiber similar to henequen but finer and softer,
is produced in the State of Sinaloa in western Mexico from the leaves
of the mescal maguey plant (Adgave sp.). This plant is cultivated
primarily for the production of the strong alcoholic drink “ mescal ”
distilled from its base. In recent years its leaves have been used for
the production of a fiber of good quality. This fiber is used chiefly
in the cordage and twine mills on the Pacific coast. It has often
been suggested that this plant be introduced in arid regions of the
Southwest, but it will not grow successfully where the temperature
falls below freezing.

ZAPUPE.

In eastern Mexico, in the States of Tamaulipas and Vera Cruz,
three agaves, known respectively as “zapupe azul,” or blue zapupe
(Agave zapupe), “ zapupe de Tepetzintla ¥ (Agave lespinassei), and
“zapupe verde” (Agave deweyana), are cultivated. These plants
grow well on loamy soils with more moisture and less lime than
seem necessary for good results with henequen or sisal. Otherwise
they are cultivated in much the same manner and the fiber is cleaned
by the same kind of machine. The fiber from these three different
species differs somewhat, but it is all softer and finer than henequen.

FLAX.

Flax fiber is used in the manufacture of 2,000 tons or more of
binder twine each year. Only the better grades of clean straight flax
straw can be successfully used for this purpose. Much of the flax
grown for seed is too short and too weedy to be used for binder twine.
The straw, with the seed, is purchased in bundles, baled, and shipped
to the mill, where it passes through a series of automatic machines
which thrash and clean the seed, break, scutch, and partly hackle
the fiber, then mix with it a small percentage of hard fiber to give
it added strength and rigidity. After this it is passed through the
drawing frames and spinning machinery, being finally delivered in
the form of finished balls of binder twine, ready for the harvest.

HEMP.

Kentucky hemp has been used in the manufacture of binder twine,
both alone and in connection with jute, but owing to the scanty and
somewhat uncertain supplies its use has been discontinued. Jute
alone is not sufficiently strong, and is especially liable to deterioration
if exposed to rains while the grain is standing in shock, and hemp
alone is too expensive at normal prices to compete successfully with
abacd and henequen.
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MISCELLANEOUS FIBERS.

The fibers of the various species of yuccas, generally known as bear-
grass, and also the lechuguilla, a small agave abundant in western
Texas, are often suggested as fibers for binder twine, but they are too
short and otherwise unfit for the purpose.
~ Flax and hemp, and possibly phormium, are the only plants pro-
ducing fibers at all suited for binder twine that may be successfully
cultivated in the United States, exclusive of Porto Rico, Hawaii, and
the Florida keys. The arid lands of the Southwest are often sug-
gested for this purpose, but the winters there are too cold for the
successful growth of any of the agaves now cultivated for fiber pro-
duction. Sisal is now successfully cultivated on arid lands in
Hawaii, producing fiber of the best quality. Sisal, henequen, and
zapupe introduced into Porto Rico have grown well, giving excellent
promise for the profitable cultivation of these plants in parts of that
island too dry for other crops. Sisal, zapupe, and cabuya introduced
on the Florida keys have made an excellent growth where they are
on land sufficiently high to escape being covered with salt water
.during the hurricanes.

The importations of henequen (the sisal of the market) have in-
creased from 39,000 tons in 1891 to more than 117,000 tons in 1911,
and of abaca (Manila hemp) from 35,000 tons to 74,000 tons during
the same period. These increased supplies have come chiefly from
the increased production of henequen in Yucatan and abaci in the
Philippines, but should the market demand a similar increase dur-
ing the next 20 years there is little danger of a lack of supply,
for new areas are being found where these and similar fibers may be
successfully produced. :



Fic. 1.—Two MoST IMPORTANT BINDER-TWINE FIBERS.

[Henequen (at left), with ball of ‘ standard sisal’’ twine. Abacd
(at right), with ball of “‘pure manila” twine.)

Fia. 2.—PHORMIUM (CALLED NEW ZEALAND HEMP AND
FLAX, BUT UNLIKE EITHER).

[Fiber similar in appearance to abacd, but weaker, is obtained from
the leaves.]
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Yearbook U. S. Dept. of Agriculture, 1911, PLATE V.

FiG. 1.—HENEQUEN, THE MOST IMPORTANT SOURCE OF BINDER-TWINE FIBER.

[Two rows of leaves are usually cut twice each year in Yucatan.]

FiG. 2.—SisAL, CULTIVATED IN THE BAHAMAS, HAWAII, AND GERMAN EAST AFRICA.

[Differs from henequen in spines, color, and form of leaf and is shorter-lived, but yields better fiber.]
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FiG. 1.—ABACA (MANILA HEMP), INJURED BY WIND.

[Fiber obtained from the overlapping leaf stems composing the trunk of the plant.)
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FiG. 2.—MACHINE FOR CLEANING FIBER FROM HENEQUEN AND SISAL LEAVES.

[The leaves, fed sidewise, are carried past the first wheel, cleaning the lower half: then the grip changes
to this cleaned fiber, carrying them past the second wheel, cleaning the upper half. ]



RELATION BETWEEN ROTATION SYSTEMS AND INSECT
INJURY IN THE SOUTH.

By W. D. HUNTER,
In Charge of Southern Field Crop Insect Investigations, Bureau of Entomology.

INTRODUCTION.

One of the most conspicuous features of the recent remarkable
awakening in agriculture in the South is the movement toward the
diversification of crops. To a large extent this movement is the direct
result of the invasion of the cotton belt by the boll weevil, although
forces have been at work for many years which alone would have
eventually brought about a change from the older system under
which crop diversification received but little consideration. As it
is, p]anters have learned that cotton can not now be planted profit-
ably in certain situations. In the Mississippi Valley, for instance,
there are large areas where cotton was formerly cultivated very
successfully, but upon which the crop can not now be grown with
any degree of certainty. These conditions force the planters to’ re-
duce the acreage in cotton, devoting to that crop only such areas as
are favorable for the fight against the boll weevil. The lands from
which cotton is excluded in the manner described are devoted to a
considerable variety of other crops.

The great majority of insects which affect southern ﬁeld crops
are not restricted to a single plant. Certain practices in rotation
tend to increase the numbers of the pests, and certain other practices
tend strongly to hold them in subjection. Consequently the new
era in the South brings special entomological problems. It is
v'ecogmzed by everyone that the main object of a system of rotation
of crops is to maintain or upbuild the fertility of the soil. For-

" tunately it is not absolutely necessary in many cases for fixed se-
quences of crops to be followed. In many systems the planter has
considerable discretion as to the specific crops that are to follow in
the rotation. The discretion the farmer thus enjoys gives him an
opportunity greatly to decrease insect injury in connection with his
practice of rotation. An attempt will be made in this paper to point
out some of the general considerations that must be taken into
account in connection with rotation practices which are coming to

be generally followed in the Southern States.
201



202 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

LIMITATIONS TO POSSIBILITIES OF INSECT CONTROL BY ROTATION
PRACTICES.

Before proceeding further it is necessary to point out the fact that
there are important limitations to the extent to which insects may be
controlled by rotation. It must not be thought that any system of
rotation is a panacea for damage by insects. As a matter of fact,
there are decided limitations to the application of this means of
control. Some species, as the boll weevil, the bollworm, and the
tobacco hornworms, to a large extent are not amenable to control
by rotation. Climatic conditions and the attacks of parasites result
in frequent irregularity in insect abundance. Sporadic outbreaks
which can not be forecasted are of not uncommon occurrence. More-
over, by flight or by crawling, invasions take place from fields that
are entirely outside of the areas concerned in the rotation if not from
fields beyond the control of the individual farmer. Thus, the rice-
root weevils come into the fields in swarms from uncultivated lands.
The grass worm may do the same. The red spider may come from
certain weeds, the army worm from waste places, and the sugar-cane
borer from Johnson grass growing on headlands or levees, not to
mention grasshoppers which may fly in from great distances. In
fact, there are no very important barriers on the plantation which
serve to prevent the spread of any species which can fly or crawl.
This fact will always make it necessary for the planter to combat
insects by direct means. Rotation has a definite and important place
in insect control, especially in the case of species which develop in
the ground, but it is far from being a universal remedy. The ob-
stacles are increased by the fact that there are definite limitations in
the practice of rotation itself. Certain soils, for example, are better
adapted to corn than to cotton, or to peanuts than to cowpeas. The
futility of attempting to produce crops not adapted to the soil is well
known to the planter. Moreover, market conditions will frequently
compel planters to depart from a system of rotation upon which they
may have started. These conditions will always remain general
obstacles to any system of rotation which might be ideal from the
standpoint of insect control.

PRINCIPAL INSECTS AFFECTING SOUTHERN FIELD CROPS.!

The more important insect enemies of the southern field crops
considered in this paper are indicated below :
The cotton boll weevil (Anthonomus grandis Boh.).
The cotton bollworm or corn budworm (Heliothis obsoleta
Fab.). ‘

1 Under this heading we consider only some of the more important insect enemies of
cotton, corn, tobacco, rice, and sugar cane. Of course there are additional important
pests of the other field crops grown in the South, but for the present purpose we exclude
the special pests of cereals and of such crops as alfalfa and sorghum, which are grown

primarily for forage.
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The tobacco hornworms (Phlegethontius spp.).

The cotton aphis (A4 phis gossypii Glover).

The cotton worm or caterpillar (Alabama argillacea Hiibn.).

Cutworms of several species,

The southern corn rootworm, or budworm (Diabrotica 12-
punctata Oliv.).

The army worm (Heliophila unipuncta Haw.).

The grass worm (Laphygma frugiperda S. and A.).

The corn and cotton root-aphis (Aphis maidi-radicis Forbes).

The garden webworm (ZLowxostege similalis Guen.).

The tobacco and corn stem-borer (Crambus caliginosellus
Clem.). :

The cotton wireworm (Horistonotus curiatus Say).

The sugar-cane borer (Diatrea saccharalis Fab.).

The cotton red spider (Z'etranychus bimaculatus Harvey).

The cowpea-pod weevil (Chalcodermus eneus Boh.).

The rice-root weevil (Lissorhoptrus simplex Say).

It is a striking fact that in this list of injurious species there are
but two which are restricted to a single plant. These are the cotton
boll weevil and the cotton caterpillar. All of the others attack one or
more of the cultivated plants, or at least one cultivated plant and cer-
tain weeds or grasses not cultivated. As a matter of fact the rice-root
weevil is the only species, aside from the boll weevil and the cotton
worm, which does not affect more than one cultivated plant. In
the case of the rice weevil several species of grass are attacked. As
these grasses spring up in and about cultivated fields or when the
fields are allowed to lie fallow they must be taken into consideration
in connection with plans for rotation.

PLANTS ATTACKED BY INSECTS INJURIOUS TO SOUTHERN FIELD CROPS.

As has just been pointed out, there are but two exceptions to the
rule that insects of importance in connection with the cultivation
of southern field crops are not restricted to a single plant. In this
connection we shall outline briefly the feeding habits of the species
considered in this paper.

The bollworm attacks corn, cotton, tomatoes, okra, tobacco, and
other plants. The tobacco hornworms feed upon tomatoes and allied
plants, as well as upon potatoes. The cotton aphis breeds upon all
plants of the cucumber family, as well as upon cotton, beans, straw-
berries, oranges, and many other cultivated and uncultivated plants.
Cutworms of four or five species attack corn, grass, and truck crops,
as well as cotton. The southern corn root-worm, or drill worm,
according to Dr. F. H. Chittenden, is especially partial to cereals, but
frequently causes considerable injury tocorn. The grass worm attacks
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various species of grasses, as well as rice, corn, sorghum, and cot-
ton. The cotton root-aphis feeds upon corn as well as cotton and
undoubtedly upon certain other plants. The garden webworm
attacks alfalfa, many truck crops, and cotton, as well as a long list
of other cultivated and uncultivated plants. The tobacco stem-borer
also attacks corn. It is an important pest of that crop and is to be
found breeding in certain weeds. The cotton wireworm feeds upon
corn as well as cotton and undoubtedly attacks a considerable number
of uncultivated plants. The sugar-cane borer in Louisiana attacks
- corn, as well as Johnson grass. Corn is exceedingly important in
contributing to the increase of this species, as the first broods of the
season are reproduced upon that plant. The cotton red spider is
practically omnivorous. Cultivated violets and wild pokeweed are
important in -furnishing opportunities for breeding early in the
spring. The cowpea-pod weevil not infrequently attacks cotton.

EXAMPLES OF SIMPLE MEANS OF REDUCING INSECT INJURY BY MODIFICA-
TIONS OF ROTATION SYSTEMS.

A few years ago Prof. H. A. Morgan * called attention to a practice
followed in Tennessee which contributed greatly to damage by the
army worm, Heliophila unipuncta. A common rotation in Tennessee
and neighboring States is corn, wheat, and meadow. Generally
after the corn is laid by, a heavy growth of weeds springs up. When
the wheat is cut the second year there is a heavy growth of weeds
from the seeds of the preceding scason. These weeds are cut and left
as a mulch for the meadow. They furnish protection for the army
worm during the winter and spring of the third season. The conse-
quence is the frequent destruction of the meadow crop and the spread
of the insects into adjoining fields. In this case the difficulty would
be largely, if not entirely, obviated by the addition of a leguminous
crop, such as cowpeas, with the corn planted during the first season
of the rotation. This would prevent the growth of weeds and there
would consequently be no seed, or at least very little, to give rise to a
growth of weeds after the wheat was harvested during the second
year of the rotation.

It is a general practice among rice planters in Louisiana and Texas
to allow the fields to lie fallow every third or fourth year to destroy
red rice and other weeds. This practice has an important effect
upon two of the insect pests of the rice crop, namely, the rice-root
weevil and the grass worm. During the fallow seasons the rice
weevils breed unrestrictedly on grasses, and are therefore present in
numbers to attack the rice during the season it is planted. This
form of injury is of most frequent occurrence where the rice lands

1 Journal of Economic Entomology, vol. 1, p. 14.
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are not fully drained during the fallow season. In the case of the
grass worm, on the other hand, the injury is greatest on lands where
the drainage is good. Under such conditions, during the fallow
seasons, the grass worm breeds in great numbers. In fact, if it were
not given this opportunity for breeding it is doubtful whether it
would be an important pest of the rice crop. Obviously the best
plan to follow would be not to allow the land to remain fallow. The
only object the planter has in fallowing is to exterminate certain
weeds. This could be accomplished exactly as well if the fields were
planted in cotton, or in cowpeas or some other leguminous crop. The
latter would be greatly preferable on account of the manurial effects
of the legumes.

In Virginia and several neighboring States the tobacco crambid
(Crambus caliginosellus Clem.) is one of the most serious insect
pests with which the tobacco planters have to contend. The same
species also attacks corn and frequently does great damage to the
crop. The attack against tobacco, however, is more important.
The injury does not become apparent until some time after the
plants have been set in the field. Frequently this insect destroys
numbers of the plants. This is likely to happen so late in the season
that replanting is impracticable, and as a consequence a poor stand
is obtained. As has been shown by Mr. E. H. Mathewson, of the
Bureau of Plant Industry, success in producing tobacco depends
largely upon obtaining a good stand. Hence the insect is one of
the more important obstacles in producing tobacco profitably. The
species breeds naturally in certain wild plants, especially the so-
called ironweed or stickweed. This plant springs up in great
profusion in fallow fields and the seeds are frequently found among
clover seed. As a result, in the sun-cured tobacco region of Vir-
ginia there is a great abundance of stickweed plants, due either to
adventitious growth or unintentional planting along with the seed.
The weeds in the meadows are of special importance, for the reason
that the general system of rotation in the tobacco districts of Vir-
ginia is to cause tobacco to follow two years of grass.

Through the circumstances mentioned the wireworms which were
distributed on a large number of plants become concentrated upon a
comparatively small number of plants, such as corn and tobacco.
Naturally, rotation can assist greatly in the control of this insect.
Tobacco or corn should not follow land that has been fallowed or
grassland in which the ironweed has sprung up in abundance. In
either case it is entirely feasible for the planter to precede tobacco
with a crop of cowpeas. This has been found by Mr. Mathewson
greatly to favor the growth of the tobacco-in addition to practically
eliminating the wireworms from the soil.
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The southern corn rootworm, or drill worm, is partial to cereals.
Where this insect is an important pest it is not wise to follow small
grains with corn. Cotton, or better, solid cowpeas, soy beans, or
velvet beans, would be much preferable as a crop to follow grain.

In several of the eastern Atlantic States the cotton is considerably
injured by the root aphis. The primary food plant for this insect
is corn. * The injury to cotton by the root aphis generally does not
become evident until the plants are rather well advanced. 'This
makes it generally impracticable to counteract the injury by re-
planting. The greatest damage observed to cotton has been in fields
where this crop has been planted after the land has been in corn for
several seasons. Here the interposing of some crop like cowpeas
immediately before the corn land is planted in cotton would not
only deprive the insects of food and greatly reduce the numbers but
would add to the fertility of the soil and increase the production of
cotton during the following season.

By far the most important insect enemy of sugar cane in the
United States is the borer Diatrea saccharalis. In Louisiana this
insect lives indiscriminately on corn and sugar cane. The corn makes
a much earlier growth than the cane in the spring. The borers
therefore begin to breed in the corn before the cane is well started,
and several generations are produced before the injury to the cane
begins. It is evident, of course, that the greatest injury to sugar cane
takes place where there is the greatest amount of early corn in the
immediate vicinity or where sugar cane follows a crop of corn. The
trouble would be corrected largely if the corn were to be planted
some distance from the cane or by having spring-planted cane follow
fields of solid cowpeas rather than corn or corn and cowpeas mixed.

The cotton aphis, as has been indicated, feeds upon melons and
a variety of similar plants. In certain seasons when the climatic
conditions are favorable to its development and its insect enemies are
not abundant great damage is done to the cotton. Frequently one
or more replantings are necessary. This is of special importance in
regions infested by the boll weevil where replanting will prevent the
obtaining of an early crop. In this case the proper procedure would
be to plant legumes between the time the land has been occupied by
melons and the time it is planted in cotton. It is also evident that
melons should not be planted on land which has just been occupied
by cotton. Where there is a rotation with melons and cotton the
cotton” should be preceded and followed by legumes, corn, or cereals.

The garden webworm does not attack corn, but the conditions in
cornfields frequently allow the insect to breed in great numbers.
The favorite food plants of the webworm are the species of Amaran-
thus known as “careless weeds” in the South. When corn is laid by
these weeds sometimes grow up luxuriantly. The webworms in-
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crease correspondingly and are likely to damage cotton or truck
crops planted subsequently. In fact, the injury of the webworm to
cotton, which is more or less general throughout the South and of
great importance in some seasons, has been traced to the excessive
abundance of “ careless weeds” during the preceding season. The
planting of cowpeas with the corn would correct the difficulty in
many cases, but of course there would still be an inflow from untilled
fields, turn rows, and similar situations.

The corn and cotton wireworm damages a large number of plants,
including tobacco, oats, rye, cowpeas, and peanuts. However, the
injury to cereals is much less than to corn or cotton. Moreover, it
has been found by careful field observations that extensive injury
by the wireworm occurs only where the soil has been greatly de-
pleted in humus. These two facts give a clear indication of a rota-
tion system that should be followed. This is to devote lands sub-
ject to injury to oats or rye, which are to be removed sufficiently
early in the season to allow the planting of cowpeas to be turned
under to increase the amount of organic matter in the soil. After
two seasons of this double planting there would be greatly reduced
injury to subsequent crops of corn or cotton.

One of the most interesting instances of the value of a rotation is
in the case of the boll weevil. This insect, as is well known, feeds
upon no plant but cotton and has well-developed powers of flight.
It is therefore not apparent at first sight how any special exemption
from injury could be brought about by rotation. However, the weevil
hibernates in great numbers in the fields where cotton has been
grown and in their immediate vicinity. In the spring there is a
series of flights in search of food, but these are weak and not at all
to be compared with the strong dispersion movement of the summer
and fall. During the spring many of the weevils perish if they do
not find food within a short time. Very few reach cotton that is far
removed from the place where hibernation took place. It has fre-
quently been observed that cotton fields following corn show con-
siderably less infestation than fields in which cotton follows cotton.
This is more noticeably the case early in the season and sometimes
gives the planter an advantage at a season when it is most needed.
Although strictly a minor means of averting injury by the boll
weevil, rotation is to be considered in connection with the more im-
portant means recommended by the Bureau of Entomology.

EXAMPLES OF ROTATION SYSTEMS CALCULATED TO REDUCE INSECT INJURY.

The Georgia Agricultural Experiment Station recommends, as a
general scheme of rotation in that State, corn and peas, oats and peas,
cotton. For thin land the station recommends that this rotation be
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extended to four years by repeating the oats and peas for one addi-
tional season. In either case this scheme is an excellent one from
the standpoint of insect control. It is much better to have the oats
follow the corn rather than cotton. If the cotton were to follow the
corn directly it would suffer materially from root-aphis injury in
many situations in Georgia.

The North Carolina Experiment Station recommends an equally
judicious three-year rotation for use in that State. This consists of
cotton, corn and peas, wheat and peas. In this case the wheat and
peas are interposed between corn and cotton, and this will have the
effect of reducing injury by the wireworm to the latter crop.

Several years ago Prof. W. C. Stubbs recommended a rotation for
use in Louisiana which increased the fertility of the land by from 12
to 25 per cent. In this rotation corn was followed by oats and cow-
peas and these followed by cotton. The only danger in this system is
from the cowpea-pod weevil that might breed upon the peas during
the second year to damage the cotton during the third year. How-
ever, this injury is never very severe and is not sufficient to outweigh
the other decided advantages of the system. Mr. W. A. Orton, in
Farmers’ Bulletin 302, recommends a very satisfactory system of
rotation for use with Sea Island cotton. It coversthree yearsand con-
sists of rye, oats, or wheat and peas for the first season, corn and Iron
cowpeas for the second year, and cotton for the third. This would
reduce the insect injury to a very low degree. Mr. C. W. Warburton,
in Farmers’ Bulletin 424, recommends a system for rotating cotton
and oats. It consists of corn and cowpeas for the first year, oats and
cowpeas for the second, and cotton for the third. There is the same
minor objection that applies to the Louisiana rotation to which refer-
ence has just been made, but this is not of very great importance. A
good system of rotation for tobacco in Virginia has been proposed
by Mr. E. H. Mathewson. (See Yearbook of the Department of
Agriculture for 1908, p. 403.) This system covers six years, as fol-
lows: Tobacco, one year ; wheat, one year; grass, two years; corn and
crimson clover, one year; cowpeas, planted alone, or wheat or corn and
cowpeas, one year. This rotation would have the effect of practically
eliminating wireworm injury to tobacco, although the corn crop after
two seasons of grass might-suffer. For this reason it would appear
to be desirable to change the places of the crops mentioned for the
fifth and sixth years.

RECOMMENDATIONS,

The following are some of the general recommendations that be-
come evident from even a cursory study of the subject of insect
injury in connection with crop rotations:

(1) Short, rapid rotations are better than prolonged ones. For
example, corn planted continuously each season becomes more and
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more infested by the root-aphis. Cotton after one year of corn is
much less subject to attack than after several seasons in corn.

(2) The practice of fallowing lands is objectionable, for the reason
that it allows certain insects to multiply in great numbers. Of
course there are also broad agricultural objections to fallowing, and
the practice is rapidly becoming obsolete in the South. In some
localities it may be necessary to continue it for a number of years.
Wherever it is necessary for any reason the land should be plowed
during the fallow season to destroy the vegetation, or at least the
weed growth should be kept down by mowing.

(3) The destruction of the remains of the crop should be prac-
ticed generally. In many instances this will prevent spread of the
insects to adjoining fields.

(4) In general, pastures should be followed by broadcast crops.
Where a crop which has comparatively few plants to the acre follows
a pasture there is danger that the insects which feed upon the grasses
will become concentrated upon the comparatively few plants of the
following crop. In case a broadcast crop follows the pasture, how-
ever, the injury is distributed over a greater area and becomes much
less important.

(5) From the standpoint of insect injury cotton is a safe crop to
precede any other grown in the South except melons and, under
some conditions, corn. This fortunate circumstance favors the suc-
cessful beginning of a rotation anywhere that it becomes necessary or
advisable. One of the exteptions in which it is inadvisable for corn
to follow cotton is where the latter crop has been seriously injured
by the bollworm. However, all danger can be eliminated by fall or
winter plowing after the cotton is picked. Wherever possible the
cotton fields should be planted with clover or vetches before the stalks
are removed. This practice is greatly favored by the fact that where
the boll weevil exists it is absolutely necessary to procure an early
crop. Heretofore the main reason for not utilizing cotton in a rota-
tion in which another crop is planted during the same season has been
that a long time is required to mature and harvest the crop. Under
the changed conditions recently brought about the cotton crop must
be made and harvested so early that there will be ample time for the
planting of any suitable fall or winter crop.

(6) Cowpeas should invariably be planted with corn. This will
prevent the growth of weeds which support the garden webworm,
grass worm, and other species, which, otherwise, would injure the
crop that follows the corn.

(7) A succession of crops of the same botanical family should be
avoided. The obvious reason for this recommendation is that insect
pests are more likely to injure plants of the same botanical family
than unrelated ones.
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(8) Very fortunately it appears that the legumes cultivated in the
South are not greatly subject to insect attack. There is one exception,
which, however, is of not very great importance. This is the cowpea-
pod weevil, which sometimes attacks cotton following cowpeas. In
one respect, however, cowpeas are dangerous. That is because they
are attacked by nematode worms which later in the rotation may
attack cotton, tobacco, and numerous other crops. Under these cir-
cumstances it is gratifying that the Bureau of Plant Industry of
this department has perfected a variety known as the Iron cowpea
which is resistant to the nematode disease. Wherever nematodes are
abundant this variety should invariably be planted.



THE WEATHER BUREAU AND THE CRANBERRY
INDUSTRY.

By Henry J. Cox,
Professor of Meteorology, Weather Bureau.

INTRODUCTION,

In this country the cranberry is indigenous to the marshes, chiefly
in the Northern States; but some wild cranberries are found as far
south as North Carolina, both in the swamps of the mountain region
in the northwestern portion of that State and near the coast, in
Pender County. They are also found to a slight extent in some
portions of northern Europe, especially in Finland and the Scandi-
navian Peninsula. However, the cultivation of the cranberry has
been confined to this country, and almost entirely to the States of
Massachusetts, New Jersey, and Wisconsin. In Massachusetts the
cultivation is not limited to Cape Cod, as many suppose, but the fruit
is grown extensively also in Plymouth County, in portions of Bristol
County, and on the islands of Marthas Vineyard and Nantucket.
The Burgess bog in Nantucket, with 250 acres of planted vines, is the
largest in existence. In New Jersey cultivated cranberries are raised
in Cape May, Atlantic, Gloucester, Burlington, Ocean, and Mon-
mouth Counties; in Wisconsin, in Wood, Jackson, Juneau, and Mon-
roe Counties in the Wisconsin River Valley, and in Waushara and
Winnebago Counties in the Fox River Valley. Moreover, cultivation
is practiced to some extent in northern Wisconsin near Lake Supe-
rior, and to a less extent in Michigan and Minnesota. Massachusetts,
New Jersey, and Wisconsin produce, on an average, 300,000, 150,000,
and 75,000 barrels, respectively. It is only in these three States that
berries are grown for commercial purposes, the wild marshes in other
sections producing barely enough fruit for local consumption.

CULTIVATING, SANDING, AND DRAINING.

In cultivating, nothing is done other than weeding and sanding,
and the peat bogs are sanded mainly for the purpose of keeping down
the rank growth of vegetation; but while sanding is practiced in
Massachusetts, only a small percentage of the bogs in New Jersey
and Wisconsin are sanded. New Jersey growers believe that vines
growing in an unsanded peat bog produce better fruit than where
sanding is practiced, while the Wisconsin growers claim that they

21
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are unable readily to secure a gravelly sand, such as is successfully
used in Massachusetts, and they feel that the expense of putting on
sand is not justified by increased returns. However, as a result of
the higher cultivation, a crop in Massachusetts averages about 40
barrels an acre, while in New Jersey and Wisconsin the average is
25 and 20 barrels, respectively. Under the most favorable condi-
tions in Massachusetts, 200 barrels have been gathered from a single
acre. In sanded bogs a layer of sand about 3 inches in thickness is
spread over the peat before the vines are planted, and later, every
2 or 8 years, a layer of half an inch is spread over the bog.

‘A sanded and cultivated bog is much less liable to frost than is a
bog with plain peat and dense vegetation, because sand is a good
conductor of heat, and a clean surface permits the sun’s rays to heat
the soil in the daytime. Moreover, where the marsh is well drained,
frost is not as likely to occur as in a wet marsh, where the temperature
is lowered considerably through the process of evaporation. Sand-
ing, cultivating, and draining, therefore, tend to prevent night mini-
mum temperatures from sinking to a low point. There is a great dif-
ference in the temperature conditions in various bogs and even in por-
tions of the same bog, and damage often occurs in various sections of
an individual marsh, while the other parts, more favorably situated,
are not affected. It is because of these extraordinary circumstances
that meteorologists have been especially interested in the temperature
and frost conditions in the cranberry marshes; and because ordi-
narily, during cool, clear nights, frost is most likely to occur in these
bottom lands where the cranberry grows, the cold, heavy air above
settling through gravity to lower levels near the ground when the
wind is light.

TOPOGRAPHY OF MOORLAND SECTIONS.

The cranberry marshes in Wisconsin, especially those in the Wis-
consin River Valley, are located in extensive moorlands that reach
for miles and miles, with here and there occasional islands, usually
not more than 5 or 10 feet in elevation. (See Pls. VI and VII.) The
New Jersey cranberry region is flat, like that in Wisconsin, while
the Massachusetts section differs much from these two, the config-
uration of the ground in Massachusetts being well broken and the
bogs small, usually not exceeding a few acres each, and surrounded
by uplands often from 30 to 50 feet in height. As a rule, the cran-
berry growers there include in their properties several small bogs
joined together by ditches for the purpose of irrigation and flooding.

TEMPERATURE CONDITIONS AND RESERVOIRS FOR FROST PROTECTION.

The temperature conditions are much more severe in Wisconsin
than in Massachusetts and New Jersey, the minimum temperatures
during the growing season averaging in Wisconsin 5° lower than in
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Massachusetts and 8° lower than in New Jersey. Frost is liable to
occur in any month of the year in Wisconsin, while midsummer
frosts are unknown in the East, and consequently the growing sea-
sons in Cape Cod and New Jersey are much longer than in Wiscon-
sin. It is only during a year in which the crop season has a temper-
ature far above the normal that the cranberry grower in Wisconsin,
without means of protection from frost, can hope to gather even a
fair crop. Many growers, especially in Wisconsin, have provided
reservoirs in which water is stored for the purpose of flowing the
marsh in anticipation of frost. (See Pl. VIII and Pl IX, fig. 1.) In
fact, the first thought of the Wisconsin grower generally is to provide
ample water supply. In some of the reservoirs.the water is held in
canals similar to that shown in Plate VIII, figure 1, and when needed
the dam is lowered as shown in Plate VIII, figure 2. In other
cases the water is held in floating marshes as in Plate IX, figure 1,
and is connected by ditches with the cultivated bogs lower down.
Sometimes, especially in Massachusetts, the flowing of a bog does not
depend upon gravity, but the water is pumped from a pond or river.
Some growers are able successfully to flow their marshes in about
four hours, but this can not be done unless the water in the ditches
is above the usual height. When gravity is not the motive power
rapid flowing can not be done in anticipation of frost. When avail-
able, water is used for flooding the bogs during the winter time in
order to prevent winterkilling, the covering usually being left on the
bog from some time in November until the following spring. When a
marsh is habitually wet, its temperature, owing to the evaporation of
moisture, is much lower than that in a dry bog. But the water in the
reservoir is comparatively warm, and sometimes the cranberry grower
is able to avoid injury from light frost by simply raising the water
in the ditches; at other times, when the frost is more severe, by
barely covering the surface of the marsh; while curing a severe
freeze it is necessary to cover the bog completely.

SPECIAL INVESTIGATION INTO TROST AND TEMPERATURE CONDITIONS IN
CRANBERRY MARSHES.

It should be apparent from the foregoing that success in the cran-
berry industry depends to a large extent upon accurate frost warn-
ings by the Weather Bureau. Several years ago three stations were
established in the cranberry marshes of Wisconsin and observations
reported by wire to the forecast center at Chicago daily. In 1906 an
exhaustive investigation was inaugurated at selected marshes at Ber-
lin and Mather, and continued during the season of 1907, and the
observations at these places were supplemented by data furnished by
the Wisconsin branch experiment station at Cranmoor. The tele-
graphic reports from the three places have been continued up to the
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present time and form a permanent feature of the Weather Bureau
work, the results of the special investigation having been published
in Bulletin T of the Weather Bureau, “ Frost and Temperature Con-
ditions in the Cranberry Marshes of Wisconsin.,” Moreover, a cran-
berry-marsh station has been maintained for several years in the bog
of Mr. J. J. White, near New Lisbon, N. J.; and more recently similar
stations have been established in Massachusetts at South Carver,
Halifax, Marstons Mills, and the State bog in East Wareham, some
special work at East Wareham now being conducted by the Weather
Bureau in cooperation with the Massachusetts experiment station.

As stated above, the minimum temperature in the bogs on cool,
clear nights falls to a much lower point than in the surrounding
region; in fact, so low in Wisconsin that even in midsummer great
injury often results to the crop unless the grower has means of pro-
tection in the shape of ample water supply. An instance of these
extraordinary conditions was noted on the morning of August 8,
1904, some time before the investigation was commenced, when the
minimum temperatures at Mather and Cranmoor, Wis., were 29°
and 26°, respectively, and severe frosts were general throughout the
moorlands. This frost caused great damage not only to the crop
of 1904 by freezing the berries, but also to the crop of 1905 by
freezing the terminal buds. Often during such unusual conditions
the readings of thermometers at the regular Weather Bureau sta-
tions furnish no indication of frost in the bogs; and on the date in
question the minimum thermometer in a shelter at La Crosse, Wis.,
about 55 miles west of the cranberry region, registered 48°, or 22°
higher than in the open on the bog at Cranmoor and 19° higher thun
at Mather. For an entire season there was found to be an average
difference on all nights of 11.9° between the minimums at Mather
and La Crosse; on cool, clear nights the difference was always much
greater, 20° to 24°, but the difference was very slight on cloudy
nights.

At Mather and Berlin, Wis,, in connection with this special in-
vestigation, a number of stations were established in two selected
bogs in order to secure exact data. IFor purposes of comparison,
observations were made on the adjoining uplands as well as on the
bogs, and thermometers were placed at each station inside a shelter
as well as in the open. At these various stations maximum, mini-
mum, and soil thermometers and soil thermographs were installed,
and this equipment was supplemented by additional instruments at
some stations where special comparisons were desired. Plate IX,
figure 2, shows one of the stations at Mather. The station on the
upland was over sod, and a station was placed at the main reservoir.
(See Pl. IX, fig. 1.) The stations in the cultivated marsh are de-
scribed as follows: (1) A newly sanded and thinly vined section;
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(2) a newly sanded and heavily vined section; (3) an old sanded
and heavily vined section; (4) an unsanded bog, heavily vined and
with moss. Outside the cultivated bog were placed two additional
stations, one over sphagnum moss and the other in a small scalped
area. An anemometer was placed on the top of the warehouse about
50 feet above the marsh in order to provide a means of comparison
with the wind movement on the bog. At Berlin the equipment was
not so extensive and the observations were made rather to supple-
ment those at Mather. The important features in the observations
will be summarized as briefly as possible, as space does not permit an
extended discussion.

The minimum temperatures in the open averaged for the season of
1907 2.8° below those in shelters; the greatest difference at any one
station occurred in the midst of a heavily vined section, the average
being 3.7°, while at the station among the thin vines the average
difference was but 2.5°. There was very little difference on cloudy
or windy nights, but on cool, clear nights with little or no wind, the
differences were great, the greatest being 9.9°. The least differences
usually occurred during the month of May, with an irregular in-
crease toward midsummer, and then a falling off which was later
followed by another maximum in October, when radiation was
greater because of the longer nights. The readings of the instru-
ments in the shelters indicate the true temperature of the air at the
various stations, while those in the open, strictly speaking, represent
the temperature of the instruments themselves, but they may be
considered to indicate approximately the temperature of the vines
or plants. It-is probable that the temperature of the vegetation was
even lower than that indicated by these thermometers. The differ-
ences, however, can not be great because the minimums in the open
often registered as low as 28° without apparent damage to the vege-
tation.

A comparison of the minimum thermometers placed in the open
at the surface of the ground and at the 5-inch height near the tops
of the vines shows that an almost uniformly higher temperature
prevails at the lower position. The readings were higher at the
surface because of the heat conducted from the soil below and also
because radiation was much freer at the higher elevation. The dif-
ference was greatest on cool, clear nights with high barometer and
light wind, when radiation was freest, in many instances the differ-
ence exceeding 6°. The average difference at all stations for the
season was 1°, while the average difference on clear nights was 4°.

The cranberry vines extend along the surface, their uprights, on
which the fruit grows, reaching above several inches. On the best
bogs in Wisconsin the height of the uprights is ordinarily not more
than 5 inches, while in the poorer ones the height often reaches 10
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or 12 inches. In Massachusetts, on the other hand, the uprlghts
seldom exceed 5 inches and usually are cons1derably less. It 1s
because of the supposed similarity of the upright to the neck of a
_crane that the fruit gets its name, craneberry or cmnbem'y

In a marsh, grasses and uprights from the vines interfere with
the radiation of heat from the surface of the ground, and it is prob-
able that a leaf or vine exposed at an elevation above the ground
loses its heat more rapidly by radiation than one resting upon the
surface, because the upper one is not shielded in any way, and while
radiation is going on from the lower one, at the same time heat
is being conducted to it from the ground beneath. A thermometer
or vine resting upon the surface of the bog becomes, as it were, a part
of the soil or vegetation upon which it rests and is affected by the con-
duction of heat to it from the ground, while the conduction to and

. through the air is very slow in comparison. As a consequence, cran-
berries at the tops of the uprights a few inches above the ground
are often damaged by frost, while those lying on or near the ground,
sheltered as they are from radiation, escape injury, as shown by
personal observations of the writer. Frost was always first noticed
on the upper surface of the wooden tracks over which cars laden
with berries are pushed, and was not observed until later on the
crossties lower down. One morning at Berlin the thermometers at
the 5-inch height were found completely covered with frozen dew-
drops, the dew having been deposited some time during the night,

~ while the thermometers resting on the surface of the ground were
absolutely free from frost or moisture of any kind. The upper ther-
mometer registered 28.8° and the lower one 32.6°. This is a most
striking example of safety at the surface and frost and possible de-
struction a few inches above the ground.

In a comparison between a number of minimum thermometers
placed at various elevations above the surface up to 36 inches over
the bog where the vegetation was dense, it was found that the tem-
perature at the height of 5 inches again averaged the lowest, the
mean minimum at that point being 40.1°, while the temperature
gradually increased thence downward and upward, it being 41.8°
at the surface and 43.2° at the 36-inch height. However, during
the months of May and June, the temperature at the 2}-inch height
averaged lower than at the 5-inch height. Moreover, in every
month throughout the season the temperature was highest at 36
inches, with a secondary maximum at the surface.

While the minimum thermometers were usually the lowest at either
24 inches or 5 inches above the surface, and the temperature aver-
aged higher for each month and for the season at 36 inches than at
the surface, yet on cool, clear night, when radiation was the freest,
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FiG. 1.—CRANBERRY MARSH, CAMERON, WIS., SHOWING PICKERS AT WORK.

Fia. 2.—CRANBERRY MARSH, CRANMOOR, WIS., SHOWING PICKERS AT WORK.
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FiG. 2.—DAM SuPpPLYING CRANMOOR MARSHES, CRANMOOR, WISs.
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FiGc. 1.—FLOATING BoG USED AS RESERVOIR, MATHER, WIS.

[Instruments in foreground for recording water temperature.]

FiG. 2.—CRANBERRY MARSH, MATHER, WIS. SPECIAL OBSERVING STATION IN FOREGROUND.

[Instrument shelter in which thermometers are located; psychrometer attached to left of shelter;
observer making an observation; anemometer on top of shelter, and soil thermograph to right.]
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the exposed minimum at 36 inches usually registered lower than at
the surface. Moreover, on the coolest nights the difference between
the exposed minimum at the surface and the 5-inch height was the
greatest, occasionally exceeding 6.0°, as in the month of October. On
warm nights, however, almost without exception, the thermometer
at 36 inches registered considerably higher than at the surface, the
maximum difference (6.7°) occurring on a partly cloudy night.
Having seen how the temperature in the open differs from that in
a shelter and how the temperature varies at different elevations, it
will now be interesting to note what a great difference prevails be-
tween the readings of minimum thermometers at the various stations
in the same bog. The coldest places in the bog were in a section
that was unsanded, heavily vined, moist, and mossy, while the highest
temperatures prevailed in a sanded, thinly vined, and well-drained
section. Between these two extremes were intermediate values at
stations where the soil was newly sanded and heavily vined and old
sanded and heavily vined. The average minimum readings for the
season in the open at 5 inches above the surface were as follows:
Newly sanded, thinly vined, and well drained, 43.8°; newly sanded
and heavily vined, 43.2°; old sanded and heavily vined, 41.2°; peat
bog with moss, heavily vined and poorly drained, 40.1°. A close
relation was found to exist between the various minimum readings on
the one hand and the maximum soil temperatures and the daily
variation in soil temperature on the other. In other words, at
places where the soil was heated most during the day in the thinly
vined, well-drained, and sanded section, there were found the high-
est minimums, while in the moss-covered peat bog with poor drain-
age, where the soil was but slightly heated during the day, the low-
est minimums were found. Sand is a good conductor of heat, while
peat, being porous, is a poor conductor, so that sanded sections, even
though they may be heavily vined, are heated more in the daytime
than unsanded: sections. The old sanded section referred to above is
a portion of the marsh that had been sanded about eight years before,
a layer of peat having since formed over the sand about an inch
in thickness. During the day the surface of the earth upon which
the sun shines becomes hotter than the air above it, and the readings
© of the instrument resting on the ground indicate relatively high or
low maximum temperatures in the daytime and relatively high or
low minimum temperatures at night, depending upon the radiation,
absorption, and conduction of heat under the various conditions. The
vegetation as found in the bogs is an excellent radiator and absorbs
well, but, of course, conducts and transmits heat to the soil very
slowly. The heat lost from vegetation is largely by radiation through
the air without heating it sensibly. Peat soil is also a good radiator
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and absorber, though a poor conductor, but the heat received at the
surface is partly conducted into the peat. The sanded surface is not
as good an absorber, but it is a much better conductor of heat. The
heat, moreover, of sand in the presence of air is lost largely by con-
duction to it, and consequently serves to heat the air lying immedi-
ately above—in strong contrast to the conditions over a heavily vined
surface or plain peat, where the loss is mainly by radiation.

The daily readings of the minimum thermometers were almost
invariably higher in the sanded and thinly vined section than in the
unsanded section, with the exception of the month of October, an
inversion of the usual conditions occurring on 10 days during that
month. This changed relation was undoubtedly due to the fact that
frost had entered the sanded soil as well as the peat soil, and it is
probable that when frost is in the soil its character, whether it be
peat or sand, is of little consequence in affecting night temperatures.

The minimums in the open at the surface of the thinly vined,
sanded, and well-drained section were of course the highest observed
on the bog, while the lowest were over the uncultivated peat bog with
moss, heavily vined and poorly drained at the height of 5 inches.
While the difference between the surface thermometers was great,
the difference between the surface minimum at the warmest place
and the minimum at the 5-inch height at the coldest place was still
greater, the average seasonal difference being 4.4°, the greatest aver-
age monthly difference, 7°, being in June and the least monthly
difference, 3.2°, in May. There were but five instances throughout
the season that the daily minimum at the surface of the warmest
section was lower than the upper minimum at the coldest section.

Moreover, the minimum temperature in the open at the coldest
place averaged for the season 6.7° lower than in the shelter on the
upland, and the daily differences were often much greater, the maxi-
mum departure being 14.6°, while the average departure in the month
of October, when the nights were becoming long and cold, was 8.3°.
In the warm, thinly vined section the average for the season was only
1.8° lower than in the shelter on the upland, and in the summer months
the average was less than 0.2°, the temperature here on the bog often
being higher. The greatest departure was in the spring and fall,
especially in October, when the average was 4.5°.

From observations made in the Berlin bog, it was found that in
a sanded section, 100 feet square, in the midst of a peat bog where
other conditions as regards moisture and vegetation were practically
identical, the influence of sanding was almost lost at an elevation of
3 feet; and a comparison made between two sanded and thinly vined
sections in the same bog, one wet and the other dry, demonstrates
the advantage of keeping a bog dry and as far as practicable free
from a moisture-laden evaporating surface, the minimum temperature
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over the dry section averaging for a month 2.4° higher than that in
the wet section, the difference reaching on some nights 7° or 8°.

RELATION BETWEEN DEW POINT AND MINIMUM TEMPERATURE.

A dry atmosphere permits freer radiation of heat from the ground
than moist air. Moist air absorbs part of the heat radiated from the
ground, and consequently does not permit as low temperatures as
when the air is dry. The marsh region of Wisconsin, however, is
almost always humid at night, but remarkably low temperatures,
nevertheless, occur in spite of these humid conditions. It may be
that under such conditions the air at some little distance above the
bog is relatively dry and permits rapid radiation through it. It has
long been supposed that a relation exists between the dew point and
the ensuing minimum air temperature, and that, if the dew point at
the time of observation in the evening was higher than 32°, frost
should not be expected that night. It was believed that, the dew
point having been reached, latent heat would be given off in the
operation of condensation and thus prevent any further fall in tem-
perature. This is a plausible theory, and many cranberry growers
have confidence in it, but the observations made on the bogs show
that the dew point itself is no indication whatever of the ensuing
minimum temperature, as it averaged from 7° to 8° higher than
the minimum, the difference on some nights being as much as 20°
to 25°.

Naturally, if the air were drier the temperature would fall to a
lower point ; but the air is usually humid in the bogs, as stated above.
The vapor in the air is so great that ordinarily on cool, clear nights
dew forms even at sunset. In spite of the fact that the air may be
saturated with moisture, the temperature frequently continues to fall
steadily through the night, demonstrating that the latent heat given
off in condensation has but little effect in retarding the fall in tem-
perature. The thermograph traces of the instruments exposed in the
open often show a steady decline in temperature on nights of dew
and fog when the sky is clear.

EFFECT OF FROST ON THE CRANBERRY.

The berry when green can usually withstand a temperature in the
open of about 28°, and when fully matured, about 22°, depending, of
course, upon the duration of the critical temperature. The resisting
power of the cranberry increases steadily as it matures. As it ripens,
it not only colors, but the skin thickens, and its content changes some-
what, offering an increased resistance to frost. Berries exposed to
frost on two successive nights after apparently having escaped injury
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the first night, will on the morning following the second night ex-
hibit symptoms of being frozen, even though the cold on the second
night is not as severe as on the first. The low temperature of the
first night starts in the berry a certain disintegration which is com-
pleted during the second night.

TEMPERATURE IN WIDELY SEPARATED BOGS.

In this paper, thus far, reference has been confined almost entirely
to comparisons between observations made in a single bog. There
are times when the weather remains or becomes cloudy in one sec-
tion of the Wisconsin marshes with attendant high temperature,
while clear and cool weather prevails in another. There are also
considerable differences when areas of high and low pressure are
moving rapidly across the north-central States, so that the distance
of 80 miles, the extreme limit of these bogs from west to east, is of
much importance. While the average minimums for the season of
1906 over peat bogs at Cranmoor, Mather, and Berlin, Wis., show but
little difference, being respectively 47.9°, 48.6°, and 47.9°, there were
often large differences on single days, 7° or 8°, but rarely more
than 10°.

In Massachusetts the bogs are all well sanded, and the character of
the vegetation does not vary greatly, most of the bogs being well culti-
vated. The bogs differ because of their geographical location; that
is, being situated at varying distances from the sea, and because of
the marked variation in topography. Ashas been stated before, promi-
nent uplands usually surround the Massachusetts bogs, and some of
these bogs are in what might be termed “ sinks.” The cold air drains
down the slopes and settles over such marshes, while in others a
natural outlet exists, so that the air as it drains over the bog passes
beyond the air of different strata being mixed together, thus prevent-
ing the temperature at the surface from falling to as low a point as
when the air is confined. In many of the bogs, moreover, there are
pockets where the movement of the air is not free and, as a conse-
quence, the temperature is lower than out in the open. Again, the
bogs in Massachusetts are located at varying distances from the sea,
which controls the temperature to a marked extent, especially in the
autumn. The conditions in Massachusetts are, therefore, quite com-
plicated. As compared with East Wareham, the average minimum
temperature for the season of 1911 was lower at South Carver by
3.5°, at Marstons Mills by 3°, and at Halifax by 8.4°. The tempera-
tures were usually higher at East Wareham than at the other bogs,
because East Wareham is located close to the sea, and the differences
were least in spring when the water is relatively cold, and more
marked in late summer and autumn after the summer’s heat. Of
course, the influence of the sea is of little consequence unless the wind
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at the time is blowing from that direction over the land. While the
season in Massachusetts is ordinarily much longer than that in Wis-
consin, killing frost ordinarily not occurring until two or three weeks
later, severe frosts visited the Massachusetts bogs in the middle of
September, 1911—much earlier than in Wisconsin. The minimum
temperatures in the open in the Massachusetts bogs during this period
were as follows:

Station. Sept. 13. | Sept. 14. | Sept. 15.
°F, °F. °F.
East Wareham............ 37 32 35
South Carver.............. 33 25 25
Marstons Mills............. 41 32 31
Halifax.................... 32 22 26

On the days in question the minimum temperatures in the shelter
at the Boston weather office were, respectively, 48°, 40°, and 48°.
The extreme differences between these temperatures and the mini-
mums at South Carver and Halifax were approximately the same
during critical nights as those between La Crosse, Wis., and on the
bog at Mather. ‘

CONCLUSION.

Frost occurs only under the influence of a cold high area, and
while in Wisconsin it may occur in any month of the year, it
almost never occurs during the summer months in the eastern cran-
berry bogs. Critical temperatures occur in Wisconsin when the
high moves southeastward from the British Northwest over that
State, or when the high moves directly eastward with its center cov-
ering the Lake Superior region, causing light northerly winds over
the sections to the south. It is the latter high that may sweep across
the northern tier of States and produce additional damage in Mas-
sachusetts, or occasionally an area of high pressure may move from
the Hudson Bay region southeastward, bringing damaging frosts to
New England, as in September, 1911.

While frost is most likely to occur on a night following a cloudy,
windy day with wind falling and sky clearing at sunset, it is even
more likely if there has recently been a light rain, the evaporation
of moisture from the surface of the bog by the wind adding to the
ensuing cold. During the growing season it is seldom that frost
occurs when the pressure reduced to sea level is less than 30.2 inches,
and experience in Wisconsin has shown that frosts seldom occur in the
summer on a night following a day when the maximum temperature
in the shade is higher than 70°. If a maximum of more than 70° has
been reached, it is quite certain that the temperature of the soil is
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sufficiently high to prevent the occurrence of frost, but if the previous
day has been cloudy, the storing of heat in the soil has been inter-
rupted, and the point of critical temperature, therefore, will be more
readily reached. The relation between the temperature of the soil
and the occurrence of frost is noticeable in that it is practically im-
possible for frost to occur in the bogs on the first cool night following
a warm spell, but it is more likely, if conditions are favorable, on
the second night after the soil has become cold. The temperature of
the soil tends gradually to increase until after mldsummer, and then
gradually decrease again. The soil being cold in the spring and
early summer, and again in the fall, frost is more probable then, re-
gardless of the accompanying conditions of atmospheric temperature
and pressure. That is, the ground being cold, frost will occur in the
marshes in May and early in June under the influence of areas of
high pressure and accompanying low temperatures that would be far
from sufficient to cause frost during the midsummer months after
heat has been stored up in the soil. The length of the nights is also
very important in estimating the probability of the occurrence of
frost, especially during the months of September and October, as the
nights steadily grow longer and afford greater opportunity for radia-
tion without compensating insolation.

The work of forecasting frost for the cranberry marshes is impor-
tant and requires constant vigilance. Many growers wish to be
advised when frost is possible as well as probable. Of course, there
are certain times when the question of ensuing frost is doubtful, one
or two degrees higher or lower being sufficient to prevent or produce
frost; or the occurrence of frost and possible injury frequently
depend upon the length of time the temperature remains at the
critical point, and the question of a few minutes one way or the other
may be sufficient seriously to affect the entire cranberry crop. The
chief purpose of the forecaster is to advise growers of all serious
frosts, because it is not sufficient to save the crop from one or two
frosts and allow it to be injured later, but the work should be carried
on to the end of the season, to a successful conclusion. Great care,
however, must be exercised in issuing warnings, so that the grower
may not use up his water supply unnecessarily ; because, if the season
isdry and the water low, and he makes too liberal a use of it, means of
reﬂowmg may not be at hand later when great danger threatens. In
view of the fact that reflowing should not be resorted to any oftener
than is absolutely necessary, the forecaster and the grower have
between them a problem that is always interesting and sometimes
very difficult. The results of the investigation in Wisconsin have
proved of great advantage to the growers, and it is probable that the
work now being conducted in the Massachusetts bogs will bear imme-
diate fruit.



IMPORTANT AMERICAN SOILS.

By JAY A. BONSTEEL,
Scientist in Soil Survey, Bureau of Soils.

CHARACTER AND ORIGIN OF SOIL TYPES.

While the agricultural domain of the United States comprises a
great variety of diverse soils, there are certain definite types which
dominate the regions within which they occur, both because of their
areal extent and because of their special adaptation to the production
of the most important staple crops.

The great grain-producing section of the North Central States has
developed as such because the climate was congenial to the growth
of the staple grains, because the soil was adapted to their production,
and because the surface configuration of the region was such that
large areas might be brought under cultivation with little waste land
due to steep slope or irregularities of land surface.

This region, comprising southern Michigan, central and western
Ohio, northern Indigna and Illinois, southern Wisconsin and Minne-
sota, the eastern portions of the Dakotas, Nebraska, and Kansas, and
all of Iowa, with the portion of Missouri north of the Missouri River,
is marked by the widespread distribution of a few soil types and by
those peculiarities of climate and of surface topography which are
favorable to the production of corn, wheat, oats, barley, hay, and flax.

While there are differences of precipitation within this territory
which modify the classes of crops to be grown, and though the length
of growing season varies so widely that corn dominates one portion
and spring wheat another, yet the rainfall is sufficient in any ordi-
nary year for the maturing of the usual farm crops, and the farmer
is assured of a sufficient period free from frost to permit of the pro-
duction of one or more of the great staple crops. Even with these
advantages of climate there might exist a sandy waste or a rock-
strewn mountain mass except for those forces which have formed the
soils of the region and prepared them for an agricultural occupation
as complete and as profitable as may be found over any large extent
of territory upon the earth. This region is the great granary of the
Nation, because the soils are fitted for grain production.

This entire area was invaded by a succession of glacial advances
within recent geologic times, and the action of the ice tended to
smooth over previously existing inequalities of the land surface, to
fill the hollows and round the hills, and, most important of all, to
leave deep deposits of complexly mingled soil materials which have
given rise, either directly or indirectly, to some of the most fertile
and lasting American soils. Coupled with this glacial modification

of the Central States was a generous distribution of the same classes
223 '
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of material, reworked by the waters flowing from the melting ice
and ponded in the great depressions of the present Lake region.
These glacial lake deposits have also formed deep, fertile soils over
considerable stretches of territory. Even the wind became an impor-
tant agent in the formation of the soils of the Central States, in
that it moved and redistributed the fine silty glacial sediment as a
soft stone-free layer, covering the river banks for miles back upon
the uplands, and even clothing the surface of a region measured by
hundreds of thousands of square miles with the brown or yellow
silt known as the loess. The soils of the Central States are derived
from these classes of material.

SOILS OF THE CENTRAL STATES.

Four great soil types dominate the Central States. They are the
Miami clay loam, found in central and western Ohio, eastern Indi-
ana, and the extreme southern portion of Michigan; the Marshall
silt loam, which is first encountered in west central Indiana and
extends thence through central and northern Illinois, north central
Missouri, southern Iowa, well into eastern Kansas and the eastern
two-thirds of Nebraska; the Carrington loam, which dominates
northern Iowa, southern Minnesota, and the eastern portions of the
Dakotas, outside of the Red River Valley; and the Fargo clay loam,
which constitutes the principal soil of the Red River Valley in
eastern North Dakota and northwestern Minnesota.

THE MIAMI CLAY LOAM.

The Miami clay loam is the most important of the soils of the
timbered region comprising the eastern portion of the Central States.
It is most extensively developed in southern Michigan, western Ohio,
and eastern Indiana, although small areas are found in Wisconsin
and Jowa. A total area of 2,281,482 acres has been mapped by the
soil survey, and it is probable that not less than 20,000,000 acres of
the type exist in the region indicated.

The surface of the Miami clay loam is a rather heavy brown, yel-
low, or gray silty loam, having an average depth of 10 inches. This is
underlain by a stiffer brown or yellow silty clay loam or heavy clay.
Both are derived through the surface weathering of deep deposits
of ice-laid material, consisting of mechanically ground-up and com-
plex fragments derived from a variety of sources. The surface soil
is usually fairly free from any large masses of rock or extensive
accumulations of stone and gravel, although these are found in
increasing quantities in the deeper subsoil and in the underlying till.

The bowlders, stone, and gravel comprise fragments of granite,
gneiss, schist, quartzite, sandstone, shale, and limestone, and the finer
earthy particles associated with them are of origin as diverse, insur-
ing a fertile and lasting soil basis.
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The Miami clay loam occupies nearly level to rolling or somewhat
hilly areas, lying at altitudes ranging from 600 to 1,100 feet above
tide level within the middle temperate zone of the Central States.
The annual rainfall is abundant for all purposes of crop production.

The greater proportion of the type is naturally well drained,
though the installation of tile underdrains has improved the crop-
producing capacity of the soil upon all of the more level areas.

The Miami clay loam ranks as a general farming soil. No one
crop has attained preeminence of production upon the type. The
acreage devoted to corn slightly exceeds that sown to winter wheat,
and these constitute the grain crops of most general production. The
oat crop is also important. The area annually devoted to hay pro-
duction upon the type exceeds that given to the growing of any
single grain crop. The acreages reported for the different crops
from counties dominated by the Miami clay loam indicate that the
agricultural practice upon the type has become settled on the standard
rotation of corn, followed by a small grain, succeeded by two or more
years of grass production. Large areas of the type are also devoted
to permanent pasture and dairying and stock raising constitute im-
portant industries. In those counties of which soil surveys have been
made in the region dominated by the Miami clay loam, the average
yield of corn is in excess of 40 bushels per acre, winter wheat yields
17 bushels an acre on the average, oats produce an average yield of
35 bushels, and hay returns an average yield in excess of 1.3 tons per
acre. All of these average county yields are somewhat exceeded by
the Miami clay loam. It thus constitutes an extensively developed
and important American soil type, fully 80 per cent of whose area
is occupied for some form of tillage.

THE MARSHALL SILT LOAM.

The Marshall silt loam is, without doubt, the most extensive single
type of soil to be found within the limits of the United States. The
region within which this soil dominates all others extends from west-
central Indiana, through central and northern Illinois, across
northern Missouri and southern Towa, and well into central Nebraska
and northeastern Kansas. Within this territory an aggregate area
of more than 4,000,000 acres has been mapped by the soil survey
and it is probable that not less than 60,000,000 acres of the type
exist in the region indicated.

The surface soil of the Marshall silt loam, to an average depth of
15 inches, consists of a dark-brown, chocolate-brown, or almost black
silt loam. Tt is soft, friable, easily tilled, and well filled with
organic matter. The subsoil is a lighter-colored, yellow, gray, or
mottled silty loam or silty clay. This material normally extends to
a depth of 6 or 8 feet, though it may possess a total depth of 20 or
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30 feet over wide areas. Both surface soil and subsoil are stone free,
and even the coarser grades of sand are almost totally lacking. Not
infrequently concretions and accumulations of lime carbonate are
found in the subsoil.

Throughout its entire extent the Marshall silt loam is marked by
nearly level, slightly undulating, or gently rolling surface topography.
The surface slopes are usually sufficient to afford adequate natural
drainage without giving rise to erosion, and fully 90 per cent of its
surface may be tilled with the heaviest and most efficient equipments
of labor-saving farm machinery. Hundreds of thousands of acres
of the level portion of the type have been further improved by the
installation of tile underdrainage.

The Marshall silt loam lies at altltudes ranging from 650 to 1,500 feet
above tide level and the type occupies the central temperate climatic
region, where rainfall ranges from 40 inches annually in the eastern
portion to 25 inches annually toward its extreme western limits.

The Marshall silt loam is the great, dominant, Indian-corn pro-
ducing soil of the central prairie States. Throughout the region where
it occurs the yields of this crop, reported from the Marshall silt loam,
are not only above the yields reported from any other extensive soil
type, but they are so high that the counties principally covered by the
Marshall silt loam are the premier corn counties of these States.

In all cases it may be asserted, without fear of contradiction, that
the corn yields upon the Marshall silt loam throughout its extent
exceed the yields secured upon any other single extensive type of
soil. In fact, a very large proportion of the annual corn supply of
the United States is secured from States and counties where corn
production is principally developed upon this soil.

The other great crops produced upon the Marshall silt loam are:
Oats east of the Missouri River, winter wheat in northern Missouri
and eastern Kansas and Nebraska, and grass universally.

The standard crop rotation consists of the growing of corn for two
or more years, the sowing of oats or wheat, and the seeding down to
grass, usually mixed timothy and clover, but frequently clover alone
or alfalfa alone in the more western areas.

The principal live-stock interests based upon this soil and its prod-
ucts are the fattening of beef cattle and the production of swine.
Dairying and sheep raising are distinctly subordinate industries.

THE CARRINGTON LOAM.

The Carrington loam is a widely developed type of soil in the more
northern portion of the central prairie States. Practically all of the
extensive areas of the type are to be found in the region between the
Mississippi and Missouri Rivers from central Towa northward. It
is also found to a limited extent around the southern end of Lake
Michigan.
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A total area of 1,601,088 acres of the Carrington loam has been
mapped by the soil survey, and it is probable that more than 25,000,000
acres of this soil will be found to exist, chiefly in northern Iowa,
southern Minnesota, and in the eastern portions of North Dakota and
South Dakota.

The surface soil of the Carrington loam, to an average depth of 12
inches, is a very dark brown to black mellow loam. The subsoil is a
brown or yellowish-brown compact loam, which grades downward
into a compact mass of clay, sand, gravel, and bowlders. The type
is derived through the weathering of deep glacial till which covers
the greater portion of the region occupied by the Carrington loam to
depths ranging from 10 feet to 150 feet. Both the surface soil and
the subsoil contain gravel and small bowlders, and the type is thus
readily distinguished from the stone-free Marshall silt loam with
which it is frequently associated.

The Carrington loam is uniformly gently undulating or slightly
rolling over the greater part of its extent. Locally low ridges and
lines of hills, marking the position of glacial moraines, cross the areas
of the type. Owing to the slightly rolling character of the surface,
drainage has become well established, although small ponds and
swamps occupy depressed areas. There is quite a range in the abso-
lute elevation of the type above sea level. Around the lower end of
Lake Michigan the elevations range from 650 to 800 feet above tide
level, while in northern Iowa and southern Minnesota the altitudes
range between 1,000 and 1,250 feet, and in the Dakotas attain to 1,600
feet above the sea.

The Carrington loam occurs under varying conditions of latitude,
altitude, mean annual rainfall, and lengbh of growing season. Con-
sequently there is quite a vamatlon in the adaptation of the type to
crops. In all of the more southern localities in which it occurs, corn
constitutes the dominant crop upon the Carrington loam, while winter
wheat, oats, and hay are also grown in rotation. In Minnesota and
the Dakotas spring wheat dominates all other crops, barley and flax
are extensively grown, while corn, because of climatic conditions,
occupies only a subordinate acreage.

Within the climatic region suited to corn production the yields
upon the Carrington loam average from 35 to 45 bushels per acre
over extensive areas, while yields in excess of 50 bushels per acre
are of frequent attainment,

Although the Carrington loam does not rank as a great dommant
corn soil, like the Marshall silt loam, it ranks high both in the acre-
age planted annually and in the acreage yields secured.

The Carrington loam is one of the great wheat-producing soils of
the United States. Owing to its extensive development under dif-
ferent climatic conditions, both winter and spring wheat are pro-
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duced upon it; the former in Michigan, Indiana, and Iowa, and the
latter in northern Iowa, Minnesota, and the Dakotas. In fact, the
Carrington loam is known as an excellent wheat soil wherever it
occurs, not only because of high yields, but also because of the
superior quality of the grain.

South of the wheat-growing region, oats constitute the dominant
small-grain crop upon the Carrington loam, while barley is exten-
sively grown both in Minnesota and in the Dakotas.

Grass is universally grown upon the type and the yields of mixed
timothy and clover attain to the high average yield of 1} tons per
acre in many counties dominated by the Carrington loam.

The Carrington loam may thus be characterized as one of the
most extensive soil types occurring in the more northern portion of
the Central States. Tt is well suited to the production of each of
the most important staple crops of the region where it occurs. The
selection of the specific group of crops to be grown upon the type
is dependent chiefly upon the attendant climatic conditions, since
corn, spring wheat, winter wheat, oats, barley, flax, and hay are all
adapted to production upon it. No single crop has yet risen to pre-
eminence as a product of the Carrington loam, although spring
wheat is most extensively grown.

THE FARGO CLAY LOAM.

The Fargo clay loam is an ancient glacial-lake sediment deposited
in the present valley of the Red River of the North and in numerous
smaller drained lake basins in Minnesota, North Dakota, and South
Dakota. An area of 601,024 acres of this type has been mapped by
the soil surveys and it is developed to a total extent in excess of
5 million acres, chiefly in the Red River Valley.

The surface soil is a deep, dark-brown clay loam containing an
appreciably large quantity of organic matter. This surface soil has
a depth of 12 to 24 inches, and is underlain by a heavy silty clay
of variable color, usually gray or drab. This subsoil is highly cal-
careous, and its carbonate of lime content has been found to range
from 3% to 24 per cent.

In all the areas where it occurs the Fargo clay loam is marked by
the almost level character of its surface. The maximum slopes are
not usually in excess of 2 or 38 feet to the mile, while extensive areas
possess a slope not over 1 foot to the mile. Into this plain the major
streams have cut their channels to depths varying from 20 to 50 feet.

The absolute elevation of the Fargo clay loam above tide level
ranges from 975 feet along the international boundary line to alti-
tudes of 1,100 feet in the southern portion of the Red River Valley
and of 1,200 feet in certain of the smaller detached areas.. The
drainage of the type, particularly within the broad level areas, is
frequently defective.
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The uses of the Fargo clay loam are somewhat limited by its
climatic surroundings and by the natural drainage conditions. In
consequence, spring wheat exceeds in acreage that of all other crops
combined ; in fact, it is the one crop of paramount importance. Bar-
ley and oats are also grown, giving good yields, and a large propor-
tion of the flaxseed produced in the United States is grown upon this
soil. The climatic difficulties attendant upon the production of corn
in such a high latitude have limited the acreage devoted to this crop.

In the pioneer days spring wheat was the one universal crop grown
for sale. Taking advantage of the great natural fertility of the soil,
the prairie sod was broken and wheat was grown year after year,
with no alternation or rotation of crops. The land was plowed and
lightly harrowed, though frequently the seed was sown directly upon
the overturned furrow. High yields were secured, but these gradually
decreased until a tendency toward the general adoption of crop rota-
tion is now shown. At present the average yield of spring wheat is
about 15 bushels per acre. Climatic conditions largely control, and
yields range from 8 bushels to 20 bushels, varying with the season.

Over all of the poorly drained areas the wild grasses are cut, yield-
ing from 1 ton to 1} tons of hay per acre. Flax yields 10 or 12
bushels of seed per acre, oats 25 to 40 bushels, and barley averages
about 25 bushels per acre. Spring wheat remains the dominant crop,
and it is probable that the Fargo clay loam is more universally de-
voted to the production of this crop than any other soil in the United
States.

AN IMPORTANT LIMESTONE VALLEY SOIL.

THE HAGERSTOWN LOAM.

The Hagerstown loam is the most extensive of the valley limestone
soils. It dominates the Great Valley, which extends from southeast-
ern Pennsylvania, through Maryland and Virginia, into eastern Ten-
nessee and northern Alabama. It is also the dominant soil of the
bluegrass region of north-central Kentucky and of the basin region
of central Tennessee. It has been mapped by the soil survey to the
extent of 1,211,911 acres, and it is probable that more than 10,000,000
acres of the type exist in the valley regions associated with the
Appalachian Mountains and Plateau.

Throughout the region of its occurrence the Hagerstown loam is
characterized by a brown or a yellowish-brown silty loam surface soil.
This has a depth varying from 6 inches to 12 or 14 inches. It is soft
and mellow, nearly or quite stone free, and well charged with organic
matter. The surface soil grades downward into a heavy yellow loam
or clay loam subsoil, which, in turn, grades into a heavier clay loam
or clay subsoil at a depth averaging 24 feet. The deep subsoil usu-
ally rests upon limestone rock.
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Although the Hagerstown loam is a valley or basin soil, its surface
is rarely level. It is usually undulating to rolling, and the surface
drainage is excellent without any serious difficulty from erosion. TLow
ridges and isolated hills break the monotony of the valley topog-
raphy. In absolute elevation the surface of the type ranges from
150 feet to 1,000 feet above sea level.

The Hagerstown loam is one of the most fertile of the eastern soils.
Its long-sustained crop-producing power has given rise to the saying,
“a limestone soil is a fertile soil.” This is true of the Hagerstown
loam, but not necessarily true of all soils derived from limestone rocks.

Since early colonial days the Hagerstown loam has been highly
prized as a general farming soil. Its principal crops for nearly
200 years have been corn, winter wheat, and hay. It has alwaysmain-
tained a profitable live-stock industry. Beef production in the more
eastern localities and the production of horses, mules, and beef cattle
in Kentucky and Tennessee are marked features of the agricultural
system developed upon the type.

Corn is the principal grain produced. Even after 200 years of
cultivation in southeastern Pennsylvania the average corn yield upon
the Hagerstown loam exceeds 50 bushels per acre, while yields of
75 to 80 bushels are nowise uncommon. The Hagerstown loam is
also a dominant wheat soil in the Eastern States, producing from
20 to 85 bushels of winter wheat per acre and maintaining an average
yield in excess of 25 bushels.

The grass-producing capacity of the type is, probably, its most
widely known characteristic. The Kentucky bluegrass is peculiarly
adapted to this soil, and pastures seeded to this grass maintain a
large number of grazing animals. The type is no less suited to the
growing of mixed timothy and clover, while clover and alfalfa,
seeded alone, are very productive. Yields of 1} to 2 tons per acre
of mixed grasses are common on the best-farmed areas of the type.

The uses of the Hagerstown loam are not confined to the practices
of grass and grain growing and of dairying and stock raising.
Fruit trees, particularly apples, are grown to advantage upon the
type, and the extension of apple orcharding upon it has been marked
during the last decade.

The Hagerstown loam has dominated the crop-rotation practices
of the regions within which it occurs. Upon it the clovers and tim-
othy have been grown in rotation with corn and wheat for upward
of two centuries. It was among the earliest of eastern soils to be
tilled with the well-ordered and soil-sustaining rotation of an inter-
tilled crop (corn), followed by a small grain (winter wheat), fol-
lowed by two or more years in mixed timothy and clover. The suc-
cess of this rotation, coupled with the manuring and liming of the
soil, is attested by increased crop yields after 200 years of tillage.



IMPORTANT AMERICAN SOILS. 231

IMPORTANT SOILS OF THE COASTAL PLAINS.
THE NORFOLK FINE SANDY LOAM.

The Norfolk fine sandy loam extends from eastern Virginia south-
ward along the Atlantic coast to northern Florida and thence
westward through the Gulf region to eastern Texas. Soil surveys
throughout this region have encountered a total area of 4,346,572
acres and it is probable that not less than 80,000,000 acres of the Nor-
folk fine sandy loam will be found to exist in the South Atlantic and
Gulf States.

The type is derived from sandy marine sediments which have been
elevated above sea level in the lower-lying coastal country and its
surface rises from near sea level to altitudes of about 850 feet.

The surface soil of the Norfolk fine sandy loam to a depth of 6 or
8 inches is a pale-yellow or light-gray fine sandy loam. It is under-
lain by a light-yellow fine sandy loam, which grades down into a
friable yellow sandy clay at a depth of about 18 inches. The surface
of this soil is nearly level or gently rolling, and it is possessed of ex-
cellent natural drainage over the greater portion of its area.

The Norfolk fine sandy loam is one of the best general farming
soils of the region in which it occurs. Owing to the wide range of
latitude within which it is developed there is quite a diversity in its
crop adaptations. In the eastern counties of Virginia and North
Carolina it is used for the production of corn, winter oats, cowpeas,
peanuts, and the bright cigarette tobacco. From the southern bound-
ary of Virginia to eastern Texas it is a highly prized cotton soil.
Where local transportation facilities are adequate it is also intensively
farmed for the production of the vegetables and small fruits pro-
duced for shipment to northern markets.

The yields of cotton from this soil vary from one-third to three-
fourths of a bale per acre, while yields in excess of 1 bale have been
grown. Corn yields from 20 to 35 bushels per acre, with occasional
yields as high as 45 bushels. Peanuts yield 30 to 100 bushels per
acre, depending somewhat upon the variety grown. The bright cigar-
ette tobacco produces 500 to 1,200 pounds per acre of high-grade leaf.
Winter oats are frequently sown as a cover crop to be grazed off in
spring or to be mown for hay. Cowpeas yield 1} to 2 tons of hay
per acre.

Among the trucking crops early Irish potatoes are grown upon
the Norfolk fine sandy loam from Florida northward, giving yields
ranging from 90 to 150 bushels per acre. In eastern North Carolina
lettuce is an important winter forcing crop, giving yields valued at
$800 to $1,200 per acre.

Sweet potatoes, cantaloupes, and watermelons are also grown with
profit. Peaches constitute the most important tree fruit, while pecans
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have proven to be well suited to this soil, especially in the central
Gulf coast region.

In spite of the wide variety of general and special crops which may
be grown upon the Norfolk fine sandy loam, cotton remains the domi-
nant money crop produced upon it throughout the areas where the cli-
mate is suitable. Only where the climate is unsuited to cotton produc-
tion or where special conditions of crop demand or of transportation
facilities exist are the special crops strongly developed. Thousands
of acres of this soil type are either occupied only for cotton produc-
tion or not at all, constituting one of the most valuable land reserves
for intensive agriculture and the production of food crops yet
remaining in the Eastern States.

THE ORANGEBURG FINE SANDY LOAM.

The Orangeburg fine sandy loam is found at the higher elevations
within the Atlantic and Gulf Coastal Plains from North Carolina
to east central Texas. It usually lies at considerable elevation above
tidewater and is found at some distance inland from the coast. It

“has been encountered in 50 different soil-survey areas located in 10
different States and has been mapped to the extent of 2,507,840 acres.
It is probable that its total area exceeds 15,000,000 acres.

*The surface soil of the Orangeburg fine sandy loam to an average
depth of 10 or 12 inches is a gray or brown fine sandy loam. It
grades downward into a dark-red fine sandy clay, which may be
underlain at a depth of 3 feet or more by a stiff red clay. The sur-
face of the type ranges from gently rolling to somewhat hilly, and,
as a general rule, it is well drained. Erosion is frequently excessive
upon the steeper slopes. The surface of the type ranges from 150 to
500 feet above sea level.

All of the more extensive areas of this soil occur in the warm
temperate region, where the growing season is long and the rainfall
is amply adequate for crop production. '

The Orangeburg fine sandy loam is one of the most important
cotton-producing soils of the timbered Coastal Plains region. In
the production of this crop it is only equaled or excelled by the
Norfolk fine sandy loam of the Atlantic and eastern Gulf section
and by the Houston black clay of the Cretaceous prairie region of
southern Oklahoma and central Texas. For the purposes of diversi-
fied farming, with cotton as a dominant money crop, few southern
soils equal the Orangeburg fine sandy loam. Tts qualifications for
such purposes are numerous. The surface of this soil is sufficiently
rolling to possess excellent natural surface drainage without being
so hilly as to be subject to serious erosion or to offer any natural
obstruction to the cultivation of large areas.. The surface soil is
mellow, friable, and easily maintained in good tilth. It is open
and absorbs a large proportion of the rain which falls upon its
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surface. It is sufficiently friable to prevent baking and clodding,
while its internal drainage is adequate so that tillage operations
may be undertaken almost immediately after a season of rain. The
presence of the sandy clay subsoil, and even of clay at greater depths,
retards the downward percolation of moisture and holds an ade-
quate supply within the subsoil during the entire period of growth
of the cotton plant. The surface soil is sufficiently sandy to be warm
and well drained and to force the plant to early growth without
giving an excessive plant growth at the expense of fruiting.

There is a wide variation in the efficiency with which this soil
is tilled. New land of this type, when first planted to cotton, yields
in excess of one-half bale per acre. Upon the best managed farms,
even after generations of cotton production, yields of one-half bale
to one bale per acre are frequent. With poor management yields
sink to two-fifths bale per acre. The soil itself, under normal con-
ditions of cultivation, is capable of producing in excess of one-half
bale per acre. Smaller yields mark inadequate management.

Corn yields upon the Orangeburg fine sandy loam are relatively
lower than those of cotton. Yields as low as 8 bushels per acre are
reported, while yields of 70 to 80 bushels per acre have been pro-
duced. The average yield for the type is probably about 20 bushels
per acre. Winter oats are grown as a cover crop and for forage
purposes, and cowpeas are grown for hay.

Within recent years cigar-filler tobacco of the Cuban type has
been successfully grown upon the Orangeburg fine sandy loam, with
yields ranging from 500 to 1,200 pounds per acre. It is also one
of the best soils in the Coastal Plains for the production of peaches.
Successful commercial orchards have been planted upon it in Georgia,
Alabama, Mississippi, and Texas.

Thus the Orangeburg fine sandy loam is an important and ex-
tensive general farming soil throughout the Sonth Atlantic and
Gulf States, with cotton the dominant money crop.

THE HOUSTON BLACK CLAY.

The Houston black clay is the most widespread and important
of the soils found in the calcareous prairie region of southern Okla-
homa and central Texas. A total area of 1,402,392 acres of this
soil has been encountered in the soil surveys and it is probable that
its total extent exceeds 15,000,000 acres.

The surface soil of the Houston black clay is a drab, dark-brown,
or jet-black clay extending to an average depth of about 10 inches.
This soil is plastic and waxy when wet, and is locally known as the
“black waxy soil.” When well tilled and in a moderately moist
condition it becomes granulated and friable. The underlying sub-
soil is a drab, brown, or gray tenacious clay which grades into marl
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or chalk at a depth little exceeding 3 feet. Throughout its extent
the subsoil is unusually calcareous, analyses showing from 2 to 30
per cent of calcium carbonate. The surface soil is usually well sup-
plied with organic matter.

The surface of the Houston black clay is nearly level or gently
undulating. Broad, swelling ridges are separated by gently sloping
valleys or by broad tracts of almost absolutely level prairie. The
type is fairly well drained, though the tenacious waxy clay retains
large amounts of moisture in soil and subsoil. Erosion is not a
serious problem with this soil.

The Houston black clay lies chiefly within a region adequately
supplied with rainfall, though the extreme southwestern extension
of its occurrence lies within the subhumid region.

This soil was first occupied for the grazing of vast herds of cattle.
At a later date more intensive forms of agriculture followed the sub-
division of the prairie ranches into farms. At present cotton is the
dominant crop grown, and it is probable that no other single soil in
the world is, at present, producing so many bales of cotton annually
as the Houston black clay. Within the region dominated by this
type the cotton yield exceeded 50 bales per square mile, according to
the census of 1900. Only limited areas within the alluvial bottom
lands exceeded this volume of production. For periods ranging from
25 to 50 years extensive areas upon this soil have yielded from one-
half bale to one bale of cotton per acre, usually without fertilization
and frequently with no rotation of crops. Numerous authentic yields
in excess of one bale per acre have been reported.

Next to cotton, corn is the crop most universally grown upon’ the
Houston black clay. The type possesses all of the essentials of a
first-class corn soil and, among southern soils, most closely approxi-
mates the soil conditions prevalent in the “ corn belt ” of the central
prairie States. It is well charged with organic matter, retentive of
moisture, calcareous in the subsoil, fairly well drained, and exten-
sively developed in large level tracts suited to the use of power
machinery for the preparation of the land and the cultivation of the
crop. The yields of corn secured range from 25 to 50 bushels per
acre, with an average yield in excess of 30 bushels per acre over ex-
tensive areas. As corn is normally considered to be subordinate to
cotton throughout the areas where the type is developed, this yield
is comparatively high. Better methods of land preparation, of
tillage, of crop rotation, and of seed selection result in yields which
compare favorably with those of the “ corn belt.”

The Houston black clay is a dominant cotton soil, and it is destined
to become a dominant southern corn soil.

The growing of alfalfa upon the type is of comparatively modern
date. Yet this soil possesses all of the essentials for alfalfa produc-
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tion with the exception that the dense subsoil is somewhat unfavor-
able. The better drained and more rolling areas of the Houston
black clay are unusually well adapted to the crop.

Diversified and intensive farming are only in the initial stages of
development upon this type. Increased yields of cotton and of corn
may be anticipated through further diversification of crop interests,
resulting in the much to be desired adoption of a crop rotation in
which cotton, corn, and alfalfa constitute the elements.

GENERAL CONSIDERATIONS.

The discussion of important American soils has been confined in
this article to those of wide areal extent and of general adaptation to
the production of the most important staple crops. While certain of
the soils discussed are also suited to the production of special crops,
their general characteristics adapt them particularly to other forms
of agriculture. No account is given in the present paper of any of
the typical special-crop soils, although they possess a high degree of
importance for particular purposes, and although many of them are
extensively developed, of high acreage value, and of great economic
importance. Thus, there have been omitted such important soils as
the Norfolk fine sand, which dominates the production of early truck
crops along the Atlantic seaboard ; the soils of the Portsmouth series,
which are important small-fruit and late-truck soils; the soils of the
Porters series, which constitute valuable apple-orcharding soils in the
Blue Ridge section; the soils of the Dunkirk series, which are not
only important as general farming soils, but also constitute the most
highly developed vineyard and apple-orchard lands in the region of
the lower Great Lakes; the soils of the Clyde series, which are of
particular importance in the southern peninsula of Michigan for the
production of sugar beets, celery, onions, and other special crops; the
Wabash clay, which is the dominant sugar-cane producing soil of
the lower Mississippi delta; and the Crowley silt loam, which is the
most important rice-growing soil of Louisiana and Arkansas. Each
of these soils or groups of soils possesses a great special value for the
more intensive forms of agriculture as contrasted with the general
agricultural value of the eight types which have been discussed.

The North Central States, which constitute the great grain-grow-
ing section of the country, are dominated, in areal extent, in crop
production per acre and in the percentage of the several crops grown
by four important soils. While it may not be asserted that these
soils produce the major portion of the cereal crops, yet each is such
a large producer that the large number of other soils tilled for the
production of the staples are dwarfed in individual importance by
the Miami clay loam, the Marshall silt loam, the Carrington loam,
and the Fargo clay loam. Upon these four soils so great a propor-
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tion of the corn, the wheat (both winter and spring), the barley, the
oats, the hay, and the flax is grown that to remove these soils from
the production of these crops would seriously disturb the agricultural
potentiality of the Nation.

Because of the extensive distribution and high producing capacity
of the Hagerstown loam its agricultural performance has popularly
come to typify the capacity of limestone soils. It is a soil which
has dominated the agricultural production, practices, and ideals of
many of the older eastern agricultural communities from a time ante-
dating the formation of the Federal Union. Its crop-producing
capacity has been sustained at a high mark longer than that of any
other extensive American soil. Upon it important creps like corn,
wheat, and clover have reached their acme of production earlier
than upon any other soils of great areal extent. It now sustains as
high a type of complete agriculture as has been established within
the country, and its crops, its animals, and its homesteads are all
of unusually high average excellence.

The cotton-growing section of the Atlantic and Gulf Coastal
Plains is dominated by three widely developed and productive gen-
eral farming soils upon each of which cotton is the crop most ex-
tensively grown. Along the south Atlantic seaboard the Norfolk
fine sandy loam is a dominant type of soil in total acreage, in
diversity of cropping interests, and in acreage yields of the im-
portant staple crops. Within the central portion of the Gulf Coastal
Plain the Orangeburg fine sandy loam occupies a similar position.
In the extreme western part of the cotton belt the Houston black
clay is preeminent among all upland soils devoted to cotton produc-
tion, while it attains to an increasing importance as a soil suited
to corn and alfalfa. All three of these soil types are marked not
only by present producing capacity and usually by comparatively
complete occupation, but each is capable of further extension either
of cultivated area or of more diversified, more intensive, and more
profitable agricultural occupation.

These eight soils will ultimately be found to cover nearly or quite
one-fifth of the arable agricultural domain of the United States
east of the ninety-eighth meridian, if the estimates based upon the
extent of their acreage within areas covered by the soil surveys is
not materially changed by the completion of additional surveys.
Because of the great area of these few types, because each soil is
preeminently adapted to the production of some great staple crop
or group of such crops, because the problems attendant upon the
production of each of such crops will be more easily solved upon
such homogeneous soil areas than upon a diversity of minor types,
the agriculture of the Nation is destined to be influenced more and
more by these soils and by the farmers engaged in their cultivation.



BIRD ENEMIES OF THE CODLING MOTH.

By W. L. MCATEE,
Assistant Biologist, Bureau of Biological Survey.

RELATION OF BIRDS AND INSECTS.

Most birds are to some extent insectivorous, and many species live
almost exclusively upon insects. There is no doubt that their com-
bined attack has an important influence on the numbers of the
insect army. In spite of birds and other enemies, however, it not
rarely happens that certain insects suddenly increase in numbers
and threaten great damage locally to crops. Instances of the sup-
pression by birds of such strictly local outbreaks of insects are
numerous. Rarely, however, do they exercise a noticeable degree
of control over an insect so widely distributed and so important
economically as the codling moth. Nevertheless, since 1746 nearly
all entomologists who have published accounts of the codling moth
have paid high tribute to its avian enemies, and they are almost
unanimous in declaring birds to be the most efficient natural enemies
of the pest.

LOSSES DUE TO THE CODLING MOTH.

The experts of the Bureau of Entomology state that the codling
moth causes greater loss to apples and pears than all the other
insect enemies of these fruits combined. They estimate the damage
the insect does to the apple crop of the United States at approxi-
mately $12,000,000 annually.® If account be taken of expenses
incurred in attempts to control the insect, as for labor, arsenicals,
and spraying apparatus, an additional sum of probably not less
than $3,000,000 or $4,000,000, or a total of at least $15,000,000, must
be charged to the presence of this insect in the apple orchards of the
United States.

LIFE HISTORY OF THE CODLING MOTIL.

The life history of so important a pest has, of course, been care-
fully studied. It has been found by entomologists that as a rule the
eggs are laid upon the leaves or the fruit. There are usually two
broods of the insects and consequentiy two periods of oviposition,
namely, in early spring and in midsummer. The eggs hatch in

1 Yearbook, U. 8. Dept. Agric., p. 435, 1907, 23
7
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from 9 to 18 days, and the minute larve immediately hunt for the
fruit. Those finding it bore in at once and spend from 10 to 30
days feeding upon the seeds and flesh around the core. At maturity
the larvee emerge, chiefly at night, and seek sheltered places, such as
holes or cracks in the trees or ground, crevices under bark scales on
the trunk, or refuges under boards or other litter on the ground in
which to spin their cocoons. (PL X, figs. 2 and 3.) Here they either
pupate at once in preparation for the second brood of the season, or,
if winter is near, pupation is postponed till the following spring.
The adults fly mostly by night.

DESTRUCTION OF LARVZE BY BIRDS.

Thus the nocturnal habits of the species in its active stages and
the fact that it is hidden at other times leave few opportunities for
birds to attack it. In spite of this, however, birds destroy great
numbers. Some larve are no doubt captured during the interval
between emergence from the fruit and spinning the cocoon, but as
this period is brief and usually occurs at night, a great majority of
them probably reach a hiding place in safety. But woodpeckers
drill through the bark flakes under which larve or pupe lie in
their cocoons, or enlarge cracks that shelter large numbers of these
insects in immature stages, and the titmice, chickadees, nuthatches,
and creepers find them in shallow crevices or by prying off loose
scales of bark. Probably most of the other birds, also, which feed
upon the larvee and pupee get them chiefly by these latter methods.

WOODPECKERS.

The most effective enemies of codling moths are those that can
best attack them in their pupal chambers. It is not surprising,
therefore, that woodpeckers, accustomed as they are to obtaining
their food from crevices and under bark flakes, should take high
rank among the foes of this pest. (PL XI.)

Roesel, the first man who published an accurate account of the
codling moth, noted the beneficial work of woodpeckers. He says
of the larve seeking places to pupate: “ They conceal themselves so
thoroughly as scarcely to be found by men ; but the woodpeckers and
similar birds know how to discover quickly their retreats.”?

Trimble, an American investigator, was the first to ascertain how
the downy woodpecker “ finds where to peck through the scales of
bark, so as to be sure to hit the apple worm that is so snugly con-
cealed beneath.” After stating that the sense of smell will not ac-
count for it, he says:

1 Roesel von Rosenhof, A. J. Insecten-Belustigen:1ter Theil, Der Nachtvigel, 4te
Classe, No. 13, p. 36, 1746.
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This little bird finds the concealed larvee under the bark, not from any noise
the insect makes; it is not a grub of a beetle having a boring habit and liable
to make a sound that might betray its retreat, in seasons of the year when not
torpid. A caterpillar makes scarcely an appreciable noise, even when spinning
its cocoon, and when that is finished it rests as quietly within as an Egyptian
mummy in its sarcophagus. There is no evidence that the downy woodpecker
ever makes a mistake; it has some way of judging: The squirrel does not
waste time in cracking an empty nut. There is no reason to believe that this
bird ever makes holes through these scales merely for pastime or for any
other purpose except for food. He knows before he begins that if he works
through, just in that spot, he will find a dainty morsel at the bottom of it, as
delicious to him as the meat of the nut is to the squirrel. But how does he
know? By sounding—tap, tap, tap, just as the physician learns the condition
of the lungs of his patient by what he calls percussion. . . . Watch him.
See how ever and anon he will stop in his quick motions up and down, and
give a few taps upon the suspected scale, and then test another and another,
until the right sound is communicated to that wonderful ear.!

Dr. Trimble examined the stomachs of three downy woodpeckers
and found codling-moth larve in two of them. This was in the
sixties; the observation has been confirmed many times since, and
the downy has been praised on all sides. Well does he deserve
appreciation. In most apple orchards in the United States in fall
and winter the sound of the tapping of the downy woodpecker may
be heard almost every day, and many a codling-moth larva or pupa
do the birds devour. The insects have been found in stomachs of
this species from New York, New Jersey, Texas, and California,
and no fewer than 20 larvee have been taken from a single stomach.
The downy woodpecker not only gets codling worms from the trunks
of apple trees, but takes them from the fruit itself.

F. M. Webster notes that Mrs. S. H. Hine, of Sedan, Ind., a most
careful observer of birds, stated that she had seen this species feed-
ing on these larve, extracting them from apples which were hanging
to the tree. She had watched a downy woodpecker on a tree in her
yard until it worked upon an apple within her reach, and, keeping
her eye on this apple, she had approached the tree and picked it.
She found that the young larva had made some progress into the
fruit, starting from the calyx, but that it had been deftly extracted by
the woodpecker and without injury to the fruit. Mr. Webster says
further:

In a conversation with Judge McBride, of Elkhart, Ind., also a careful ob-
server of birds, he stated that he had also observed downy woodpeckers ex-
tracting the worms from young apples, and he had never observed that in so
doing the birds in any way injured the fruit. It seems, then, that the labors
of this bird act not only as a preventive, but also afford actual and immediate
relief to the infested fruit.

1Trimble, Isaac P. Treatise on the Insect Bnemies of Fruit and Fruit Trees, pp.
116-117, 1865.
2 Insect Life, III, p. 348, Apr., 1891,
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Two western species of woodpeckers also are known to extract
larvee in the same way. Mr. W. Otto Emerson, of Haywards, Cal.,
in a letter to the Biological Survey, dated March 14, 1909, says:

Several cases have come under my observation when in the fall months
* * * the California and Lewis woodpeckers made their appearance in
canyon apple orchards and went through them, picking open the apples for
the codling-moth worms they contained. .

Other woodpeckers known to feed on the codling-moth larve are
the hairy woodpecker (Dryobates villosus), Texan woodpecker (Dry-
obates scalaris bairdi), red-headed woodpecker (Melanerpes ery-
throcephalus), red-shafted flicker (Colaptes cafer collaris), and
pileated woodpecker (Phla@otomus pileatus). Plate XI illustrates
work of woodpeckers, probably mostly that of the pileated, in search
of codling-moth larvae. The red-shafted flicker is given great credit
by Mr. A. P. Martin, of Petaluma, Cal., who—
writing to the Pacific Rural Press of June 27, 1890, states that in looking
over his orchard last spring and examining all crevices and bark of the trees
for the codling-moth larveae, he failed to find any, where there were thousands
last fall. He discovered plenty of cocoons, but in every case the former occu-
pant was absent. It was too early for transformation to have taken place,
and he found small holes in the bark scales which had been made by some bird.
His belief is that the good work was done by a bird whose scientific name he
does not know, but which is variously called the “ yellow hammer,” “ flicker,”
or “high hole,” and which Dr. Merriam informs us is, in California, Colaptes
cafer. During the early spring months Mr. Martin states that they were to
be seen by hundreds in his orchard, industriously examining the trunks and
larger limbs of the fruit trees, and he also found great numbers of them around
sheds where he stored his winter apples and pears. As the result of several
hours’ search Mr. Martin found only one worm, and this one escaped only by
an aecident, for several had been within a quarter of an inch of it.!

So eager are woodpeckers in search of codling worms that they
have often been known to riddle the shingle traps and paper bands
which are placed to attract the larvee about to spin cocoons. In fact,
the beneficial work of woodpeckers in relation to this pest has every-
where been so conspicuous as to call forth laudations of the birds and
recommendations for protecting them and attracting more of them

to the orchards.
FLYCATCHERS.

One would not expect birds so expert in catching insects on the
wing to resort much to tree trunks for food, but at least two spe-
cies, the kingbird (7yrannus tyrannus) and the western yellow-
bellied flycatcher (Empidonax difficilis), are known to prey upon
the codling moth. No fewer than 15 larve were founa in the
stomach of a bird of the latter species collected at Haywards, Cal.,
in September. '

1 Insect Life, II1, pp. 79-80, Sept., 1890.
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Fi. 1.—LARVA. (3 TIMES NATURAL SIZE.)

Figs. 2 AND 3.—PupA£ UNDER BARK SCALES.

LARVA AND PurP&£ OF CODLING MOTH.
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HoOLES AND CRACKS IN TREES ENLARGED BY WOODPECKERS SEARCHING FOR
CODLING MOTH LARVA AND PUPA.
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THE CROW FAMILY.

The blue jay (Cyanocitta cristata), the California jay (Aphelocoma
californica), and the magpie (Pica pica hudsonia) give the crow
family representation among codling-moth enemies. It is reported
that in the State of Washington magpies frequently tear loosely fas-
tened bands off the trees while searching for the hibernating larve.!
Pupe of the codling moth have been found in several stomachs of the
California jay, collected at Haywards, Cal., in May.

BLACKBIRDS AND ORIOLES.

Three species of this family. are on the list of foes of the apple
worm, namely, the crow blackbird (Quiscalus quiscula), Brewer
blackbird (Zuphagus cyanocephalus), and Bullock oriole (Icterus
bullocks). Pupee were found in the stomachs of many Brewer black-
birds collected at Haywards and Watsonville, Cal., in May and June.
Twenty-six Bullock orioles taken in the same localities from April to
August had eaten enough pupee and larve of the codling moth to
make about 20 per cent of their food. One of these birds had taken
14 larvee and pupee.

THE SPARROW FAMILY.

Members of this family that prey upon the codling moth are: Eng-
lish sparrow (Passer domesticus), chipping sparrow (Spizella pas-
serina), California towhee (Pipilo crissalis), cardinal (Cardinalis
cardinalis), black-headed grosbeak (Zamelodia melanocephale), and
lazuli bunting (Passerina cyanea). The adult California towhees,
besides eating the pupa of the codling moth themselves, feed them
to their nestlings. Black-headed grosbeaks have the same habit and
to such an extent that they rank among the most important enemies
of the insect. No fewer than 12 larve were found in one stomach
and 29 pupe in another. Twenty-one black-headed grosbeaks col-
lected at Haywards and Watsonville, Cal., in May, had made over
20 per cent of their diet of codling larve and pupee.

SWALLOWS AND VIREOS.

On the Pacific coast the barn swallow (Hiéirundo erythrogastra) is
said to catch adult codling moths, but probably its services in this
direction have been overstated.

The stomachs of several western warbling vireos (Vireosylva gilva
swainsoni), taken in California in April, May, and June, contained
pupe of the codling moth.

1 Melander, A. L., and Jenne, E, L. Bul. 77, Wash. Agr. Exp. Sta., p. 39, 1906.
20139°—vBK 1911 16
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WARBLERS.

Only two warblers, the summer or yellow warbler (Dendroica
wstiva) and the lutescent warbler (Vermévora celata lutescens), are
now known to prey upon codling moths, but it is certain that fur-
ther study of the food of this much neglected family will add a con-
siderable number of species to the list. The lutescerrt warbler shows
a strong liking for the pupe, two taken in California in May having
eaten 10 and 18 pupe, respectively.

CREEPERS AND NUTHATCHES.

Fach of these families has a single species on the list of enemies of
the apple worm, namely, the brown creeper (Certhia familiaris
americana) and the white-breasted nuthatch (Sitta carolinensis).
It is reasonable to suppose that all the subspecies of creepers and
nuthatches will in time be found to eat codling larvee and pupe.

TITMICE AND CHICKADEES.

Next to woodpeckers, titmice are probably the most important
enemies of the codling moth. Their habits of searching every nook
and cranny, however small or difficult of access, and the thorough
way they go over trees and stumps, enable them to find the favorite
hibernating quarters of the larvee. A description of their methods
of hunting is given by Trimble, who remarks (p. 120), after detail-
ing that he had taken 5 larve from the stomach of a black-capped
chickadee (Penthestes atricapillus) :

The day had been dry and windy, following a warm wet day and night;
and it is in just such weather that the bark of the buttonwood, shellbark
hickory, and other shaggy trees will be found curling out and falling off.

I have never seen anything that would lead me to believe that this minute
bird makes the holes in the scales of bark that lead directly to the cocoons
of these caterpillars; they are made by the downy woodpecker and probably
by it alone. The chickadee most likely finds these worms only or chiefly on
such days as this, when the warping of these scales exposes them to the
prying eyes of these busy little friends. R

Besides the black-capped chickadee, the following four species of
this family are known to eat codling moth larve or pupe: Plain
titmouse (Bwolophus inornatus), Carolina chickadee (Penthestes
carolinensis), mountain chickadee (Penthestes gambeli), and Cali-
fornia bush tit (Psaltriparus minimus californicus).

Ten stomachs of the last-named species, examined by Prof. F. E. L.
Beal, contained, on the average, 25 per cent of pupe of the codling
moth. Eight of these stomachs were of nestlings, containing pupw
as follows: Two stomachs contained 2 each, two contained 3 each, one
contained 4, one 7, one 9, and one 11, making 41 in all, or an average
of over 5 to each.
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The economic value of these nestlings is commented upon by Prof.
Beal as follows:

The oak tree in which these birds were found was in a belt of timber along
a creek, and just across the stream was a considerable area of neglected
orchard. It is evident that the parent birds used this orchard as a foraging
ground and did their best toward remedying the neglect of the owner. As with
nestling birds feeding and digestion are almost continuous during the hours of
daylight, it follows that the above record would be several times repeated dur-
ing a day’s feeding There were probably not less than a dozen nests of the
bush tit (several were seen) along the border of this orchard, and if, as is
possible, the occupants all did as good work as the ones recorded, it is evident
that the birds must exert a powerful restrictive influence upon the increase of
the codling moth, as well as other insects.

KINGLETS AND THRUSHES,

One species of kinglet, the ruby-crowned (Regulus calendula), eats
codling larve, as do also two species of the thrush family—the robin
(Planesticus migratorius) and the bluebird (Séelia sialis). The
robin eats this insect in both the East and the West, and a stomach
from Pullman, Wash., contained 11 larvze.

EFFICIENCY OF BIRD ENEMIES.

We find that in the United States there are 36 species of birds,
belonging to 13 families, that feed on the codling moth. The three
important families seem to be woodpeckers, titmice, and sparrows.
Probably, however, future investigation may place some other family,
possibly warblers, among the first three.

We have shown that certain species, as the downy woodpecker,
Bullock oriole, black-headed grosbeak, and bush tit, consume large
numbers of codling-moth larvee and pupz. It is probably only be-
cause of insufficient investigation that the same can not be said of
other birds. Although we can not accurately rank the species in
importance, we can confidently declare their utility collectively.

Almost every entomologist who has written on the subject substan-
tially agrees with Slingerland that “ by far the most efficient aids
to man in controlling the codling moth are the birds.”? The two
facts that have chiefly led to this conclusion are the great scarcity of
intact hibernating cocoons and the abundance of empty ones which
have evidently been rifled by birds. Long ago Walsh and Riley said :3

From the careful inspection of several large orchards in the early spring
months, we are convinced that almost all of the cocoons of the apple-worm moth
that have been constructed in the autumn on the trunks and limbs of apple
trees are gutted of their living tenants by hungry birds long before the spring
opens,

1 Bul. 30, Biol. Survey, pp. 79-80, 1907.
2 Bul. 142, Cornell Agr. Exp. Sta., p. 41, 1898.
8 American Entomology, I, p. 113, 1869.
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In Virginia “ counts of over 400 cocoons observed on apple trees
revealed the fact that * * * birds had destroyed fully 85 per
cent of the worms.”?

From New Hampshire comes this report: 2

Only from 5 to 20 per cent of the larvee survived the winter. An examination
of 7 trees, which averaged over 38 cocoons per tree in the fall, showed but
5 per cent alive in the spring, 87 per cent having been killed by birds, 4 per
cent by disease, and 3 per cent by cold. In another orchard 1,096 cocoons
were examined in May, 1907, with 19 per cent alive, 66 per cent having been
killed by birds, 6 per cent by disease, and 9 per cent by cold. It is quite evident
that the birds, particularly the downy woodpeckers and the nuthatches, are
the most important enemies of the codling moth in New England and that they
should be given every protection and attracted to the orchard in every way
possible. * * * They annually save us barrels of apples by destroying the
apple worms under the bark in winter. They should therefore be encouraged
and allured to the orchard whenever possible. Bits of suet and meat suspended
from the trees will often attract them and sometimes help them through a
hard winter.

Other measures recommended to aid birds in the warfare on this
destructive moth are cementing up cavities suitable for the hiber-
nation of the moth, thus forcing the larvee to spin cocoons where
birds can get them, and scraping off loose flakes of bark, especially
those below the snow line, as under these the largest numbers of

larvee survive.
FOREIGN BIRD ENEMIES OF THE CODLING MOTH.

The suggestion has been made that foreign birds with an estab-
lished reputation as codling-moth destroyers be imported into this
country. The bird most frequently mentioned is the great titmouse
or Kohlmeise (Parus major) of Europe. However, European
records fail to show that this bird pays any particular attention to
the codling moth. Moreover its food habits, while apparently bene-
ficial on the whole, include some bad traits, such as eating bees,
budding trees, attacking pears, and killing smaller birds. Thus the
species is distinctly not a promising one for trial in the exceptionally
hazardous field of international importation. Among foreign birds
that have been definitely recorded as enemies of the codling moth
are the European nuthateh (8itta cwsia),® European wren (Nannus
parvulus),t tree creeper (Certhia familiaris)®*5 blue titmouse
(Oyanistes ceruleus)?® kinglets (Regulus cristatus and Regulus

1Buck, J. E. Ann. Rep. Va. Exp. Sta., p. 55, 1908.

2 8anderson, E. D. New Hampshire Agr. Exp. Sta. Bul. 143, pp. 64 and 82, 1909.

3 Hooper, C. H. Reprint from Country Gentleman’s Estate Book, pp. 5 and 16, Lon-
don, 1907.

4 Bos, J. Ritzema. Tierische Schiidlinge und Niitzlinge, p. 527, Berlin, 1891.

5 Hooper, C. H. Agr. Students Gazette, new ser. 13, p. 123, 1907.

¢ Theobald, F. V. Text-Book of Agr. Zoology, p. 403, London, 1899.
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ignicapillus),' one of the babblers (Pomatorhinus superciliosus),?
the white-eye (Zosterops ceerulescens),? and the white-throated tree-
creeper (Climacteris leucophwa),* of Australia. Woodpeckers and
sparrows are said to share in the work in Europe.

With three exceptions these birds belong to the same families as
native species which we know devour the codling moth. These fam-
ilies are the creepers (Certhiide), nuthatches (Sittide), titmice
(Paridze), and kinglets (Sylviidee). The United States already has
a suflicient number of species of these families, besides numerous
members of other families, which, if properly protected and encour-
aged, will probably destroy more codling moths than foreign species.
To favor the increase and efficiency of our own useful species is not
only far more profitable than to introduce foreign ones, but avoids

“the danger, acknowledged by all authorities as great, of opening
our doors to a bird that in its new home may become obnoxious. It
is a well-known fact that a very large number of our crop pests,
both plant and animal, are imported. Furthermore, it is clear that
the fundamental idea underlying proposals for introducing bird
enemies of the codling moth is false. This idea is that each pest has
some specific enemy or set of enemies which, if introduced, will
control it to such a degree that the usual combative measures like
spraying can be abandoned. This is a most alluring theory, but it is
not borne out by practical experience. Birds exert a constant re-
pressive influence on the number of insects, but those who expect
either native or introduced birds to control a widespread insect pest
to the degree necessary for the commercial success of the crop at-
tacked will be disappointed.

SUMMARY.

Birds are recognized as the most effective natural enemies of the
codling moth. In some localities they destroy from 66 to 85 per cent of
the hibernating larvee, and their work in large measure accounts for
the small spring broods of the insect. This annual reduction in
numbers of the pest is a very valuable factor in its control.

Thirty-six species of birds are known to prey upon the codling
moth in the United States. These species belong to 13 families, of
which the most important, so far as number of species on the list is
concerned, are the woodpeckers, titmice, and sparrows. Especially
valuable species are the downy woodpecker, Bullock oriole, black-
headed grosbeak, and bush tit.

1Bos, J. Ritzema. Tierische Schiidlinge und Niitzlinge, p. 527, Berlin, 1891.
2 Curnow, S. H. Journ. Agr. S. Australia, p. 20, Aug., 1909.

8 Bmu, VII, pt. 1, p. 36, July, 1908,
4+ Journ. Agr. Victoria, IX, pt. 8, p. 5562, Aug., 1911,
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At least 10 species of foreign birds have been recorded as enemies
of the codling moth, and there has been considerable agitation for
the introduction of one or more of them. The importation of for-
eign species is, however, notoriously dangerous, and if successful
would result in crowding out native species probably of greater value.

Exaggerated claims have been made for all sorts of natural enemies
of insects, including birds, but all that can be truthfully claimed for
them is that their influence is to lower the number of insect pests and
hence is for the good. The amount of good done varies in different
cases, and admittedly the bird enemies of the codling moth deserve
the best protection and encouragement in recognition of their rank
as the chief natural enemies of the pest.



SOME MISCONCEPTIONS CONCERNING DRY FARMING.

By E. C. CHILCOTT,

Agriculturist in Charge of Dry-land Agriculture Investigations,
Bureau of Plant Industry.

INTRODUCTION.

During the past 25 years a large and ever-increasing movement to
establish agricultural production in the semiarid region included in
the Great Plains has been in progress in this country. A quarter of
a century of consistent effort on the part of many people ought to
have resulted in some material accomplishments. Either through
some real success or through some of the failures that were to be
expected in such a movement there should have been secured a store
of experience that could serve as a foundation for future effort, but
such does not appear to have been the case. Instead of a substantial
fund of information based upon experience it would appear that
there has been an accumulation of some very plausible theories and a
number of “ systems ” of farming, both of which serve better as texts
for discussion and preachment than as practical aids to the pioneer
who ventures into the dry country in quest of a home and a means of
livelihood.

Notwithstanding all that has been done in this region both by
practical farmers and by scientific investigators, the available fund
of reliable information is very inadequate. Instead of getting at the
facts and steadily extending the boundaries of our knowledge there
is a constant tendency to generalize broadly from any available
information, and that; too, without determining whether the informa-
tion is correct or not. Many of the claims and statements of self-
seeking promoters, as well as of honest but overenthusiastic optimists,
have been misleading and even false, and these have done more to
obscure the facts and the real problems than the experiences of suc-
cessful practical farmers and the investigations of scientists have
done to elucidate them. Practical farmers are proverbially modest
and conservative. They shun exploitation and publicity. Scientific
investigators are usually conservative, if not always modest, and their
published results and public statements appear to be unduly hedged
about with qualifying phrases and guarded against general applica-
tion. As a consequence the general agencies of publicity find their

247
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best source of material in those who are not hampered by the limita-
tions of facts or experiences.

As a type of the unwarranted statements which have received
wide publicity may be mentioned the one that a new and peculiar
system of farming has been discovered or developed, which is of
general application to all semiarid localities. Another is that all
localities having an annual precipitation of more than 10 and less
than 20 inches can be classed together as semiarid, regardless of
latitude, altitude, distribution of precipitation, temperature, wind
velocity, and evaporation. Still another is that the same methods of
tillage are equally applicable to all soils and to the wide range of
varying crop conditions. These conceptions are obviously entirely
out of accord with all agricultural experience not only in semiarid
but also in humid regions.

Agriculture has never yet been reduced to an exact science, even
under the most uniform and stable climatic conditions, and even
though water is supplied artificially by irrigation. How utterly
absurd it is, then, to suppose that dry farming can be reduced to a
definite system. Dry farming must, from its very nature, be carried
on under the most critical climatic conditions, particularly as to
precipitation; otherwise, it would not be dry farming in the sense
that this term is now generally used on the Great Plains east of the
Rocky Mountains. It may be that the conditions there are even
more unstable and critical than in other dry-farming districts. But
it is in that area that dry farming is now being most extensively
developed, and it is therefore with these conditions that the writer
will deal.

RANGE OF PRECIPITATION.

Within the area specified annual precipitation at a given station
may easily range during a term of years from as low as 10 to as
high as 30 inches; for the six growing months from as low as 5
to as high as 20 inches; during the six dormant months from less
than 1 to more than 10 inches, and for the month of June from less
than 1 to more than 8 inches. It is not an unusual occurrence to
have a single torrential downpour of rain which exceeds in amount
the normal precipitation for the month in which it occurs. These
torrential rains frequently come with such force as to puddle the
soil surface, thus making it impervious to water and resulting in
the utilization of but a small percentage of the precipitation. On
the other hand, showers of less than half an inch do very little good,
as the water generally evaporates from the surface without pene-
trating sufficiently to be of any use to growing plants or to add to
the water being stored in the soil. Briggs and Belz® show that as

1 Bulletin 188, Bureau of Plant Industry, entitled ‘! Dry Farming in Relation to Rainfall
and Evaporation,” p. 15.
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high as 80 per cent of a rainfall of 2.5 inches falling in 4 hours on
nearly level summer-fallowed land was lost by run-off, while a
monthly precipitation of 1.9 inches which came in nine light showers
was of no practical value, as it all evaporated before penetrating
the surface mulch. From this it will be readily seen that the avail-
able precipitation is even more precarious and erratic than is indi-
cated by the monthly, seasonal, or annual weather records.

TEMPERATURE AND LENGTH OF SEASON.

The ranges of temperature in the Great Plains are hardly less
erratic than those of precipitation. In the northern part of the
area, at Glendive, Mont., the absolute minimum was —47° F. for
February and the absolute maximum 117° F. for July, 1893, a range
of 164 degrees. The latest killing frost in spring at the same sta-
tion was on June 9 and the earliest killing frost in the fall on Sep-
tember 11, leaving a frostless period of only three months. In central
Texas, at the southern end of the Great Plains area, the absolute
maximum is 110° F., and the absolute minimum —6° F., a range of
116 degrees. The latest killing frost in the spring usually oceurs
in central Texas about the middle of March and the earliest killing
frost about the middle of November, a period of eight months.

SHORT SEASONS A RESTRICTION TO CROPS.

In the extreme southern portion of the Great Plains area the season
is long enough for the successful growth of cotton, while in the ex-
{reme northern portion the season is too short for the growth of
corn for grain production. In the northern part of the area but a
single crop can be grown upon the land during any one season and
the time of seeding and harvesting that crop is confined within ex-
ceedingly narrow limits, while in the southern portion two or more
crops may follow each other upon the same land, or, if but a single
crop is grown, the time of seeding may vary through a range of
several months. In the northern portion the ground is continuously
frozen to a depth of several feet for about six months of the year,
while in the southern portion it is frozen to but a shght depth and
only for short periods during the winter.

EFFECTS OF EVAPORATION, HAIL, AND HOT WINDS,

Evaporation is much more rapid in the southern than in the
northern portion of the Great Plains. Hailstorms are common
throughout the entire area. Hot winds are experienced everywhere,
except, possibly, in parts of Montana and Wyoming. While hail and
hot winds are about equally destructive in any part of the area, the
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possibility of raising a second crop during the same season on land
where the first crop has been destroyed by either of these causes is
confined to the southern half of the region.

DIVERSITY OF SOILS.

The soils of the area may be roughly classified into two great
groups. The first group, which is the larger, includes soils ranging
from the heaviest clay to light alluvial loam, absorbing water slowly
and subject to high percentages of run-off, particularly during torren-
tial rains. The soils of the second group, ranging from coarse gravel
to fine sand, absorb the heaviest rainfall readily, but have a low
water-holding capacity. These soils vary in depth from a few
inches to many feet.

FAVORED LOCALITIES.

While it is true that a large portion of agricultural land in the
Great Plains consists of level or gently rolling upland plains, or
benches, it is equally true that there are many thousands of acres of
land within this area that present far more favorable conditions for
farming than do these typical upland plains. These favorable con-
ditions may be produced by a great variety of causes, among which
may be mentioned the following: Partially subirrigated or occa-
sionally inundated creek or river bottoms or valleys; sheltered coves
or broad valleys along the foothills which receive the run-off from
large areas of untilled land lying above them and which on account of
altitude, exposure, and proximity to the foothills or mountains receive
more rainfall than the adjacent plains; low-lying lands that receive
the slow seepage from adjacent sand hills, which lie like enormous
sponges upon the comparatively impervious heavier plains formations,
quickly absorbing and slowly but steadily yielding up to these lower
lying lands a very large part of all the rains that fall upon them.
These and many other local influences tend to produce especially
favorable agricultural conditions. It is in these favored spots that
some of the most successful farms are found, and it is upon the results
here obtained that many of the reports of successful dry-land farming
are based. In many instances these results have no more direct rela-
tion to what may reasonably be expected from a typical upland
prairie farm on the open plains in the dry-land region than have
those obtained upon some farm in Iowa or eastern Nebraska.

FAVORABLE SEASONS,

Then, again, the results obtained during a particularly favorable
season on a typical dry-land farm may be equally misleading. A
practice which might be very successful in the southern portion of
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the Great Plains area might be very objectionable in the northern
portion, or vice versa; or a practice which would bring good results
on one type of soil in a given locality on a typical farm in a normal
year might fail entirely upon a different type of soil on the same
farm during the same season. These facts are self-evident and are
recognized by everyone who has a broad and comprehensive knowl-
edge of the agricultural conditions in the Great Plains, and they
should be known by all who contemplate settling in that region. If
they were constantly kept in mind and logically considered, there
would be an end to the broad generalizations which have done so
much to mislead the public concerning the nature of the agricul-
tural problems in the Great Plains and the methods of their solution.

SELF-RELIANCE OF DRY-LAND FARMERS.

It is practically useless to attempt to lay down any hard and fast
rules for the guidance of the dry-land farmer. All the help he can
hope to obtain from outside his own experience is a better under-
standing of some of the general principles involved in the production
of crops under semiarid conditions. For the application of these
principles he must rely almost entirely upon his own judgment,
experience, and powers of observation. Anything which tends to
lessen his self-reliance and leads him to hope that someone else can
lay down rules for him to follow is a step in the wrong direction.
The work yet to be done in the agricultural conquest of the semi-
arid West is pioneer work of the most strenuous kind. It is no task
for weaklings, either physical, intellectual, or moral. An authority *
on this subject has very truly said:

From the ninety-eighth meridian west to the Rocky Mountains there is a
stretch of country whose history is filled with more tragedy and whose future

is pregnant with greater promise than perhaps any other equal expanse of
territory within the confines of the Western Hemisphere.

KIND OF ASSISTANCE NEEDED.

Tt should be our purpose to assist in the fulfillment of the promise
mentioned and to guard against a repetition of the tragedy. Any
assumption of knowledge which we do not possess, any withholding
of disagreeable facts concerning the difficulties to be encountered and
overcome, or any magnifying of the rewards to be gained will tend
to defeat this purpose. This undertaking calls for men possessing
the same sterling qualities of self-reliance, initiative, and ability to
meet and overcome new and unforeseen difficulties which have always
been characteristics of the successful pioneer. Any form of paternalism
which fails to take into consideration these traits of character in the

1 Simons, A. M. The American Farmer, p. 54.
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farmers of this region will be resented by those who possess these char-
acteristics and will prove ineffectual to help those who donot. These
farmers need all the assistance that the United States Department of
Agriculture and the State agricultural colleges and experiment sta-
tions can give them in their agricultural conquest of the semiarid
lands, but this assistance should be in establishing principles rather
than in teaching practices. There is much yet to be learned con-
cerning some of the most fundamental principles of dry-land agri-
culture which can be learned only by systematic, long-continued
investigations at many stations located in different parts of the area
upon different types of soil and under different climatic conditions.

THEORIES OF TILLAGE.

Much has been written upon the question of the proper tillage for
the preparation of the soil for a seed bed, for instance, but what
do we really know about it? It is fairly well agreed that three
things are necessary: (1) A fine, moist, mellow, but somewhat com-
pact seed bed of a depth sufficient to afford the best conditions for
the germination and early growth of the seed; (2) a receptive condi-
tion of the soil, so that the rains falling upon the surface may be
absorbed as rapidly and as completely as possible; and (3) a reten-
tive condition of the soil, so that the water which is absorbed may be
held within the soil for the use of the crops instead of being evapo-
rated from the surface. Thus far we are on comparatively safe
ground, but when we attempt to go one step further and ascertain
from a consultation of the literature of the subject how these desir-
able conditions of the soil are to be produced and retained we en-
counter a maze of conflicting theories and generalizations, all based
upon far too limited observation, experience, and experimentation.
Some writers insist that relatively shallow plowing—never to exceed
7 inches—packing with a subsurface packer, alternate cropping and
summer tillage, and the maintenance of a dust mulch at all times
when the land is not covered with a growing crop is the one and
only way, while others are equally certain that deep plowing—10
inches or more—will solve all the difficulties and allow the growing
of a crop every year. Between these two extremes is to be found
every grade- of modification, and the only feature that nearly all of
these writers have in common is the insistence that their particular
“ gystem ” is the only one that will meet all requirements.

It is gratifying to find occasionally a sane and conservative article
upon this subject, such as an address delivered by Hon. W. R. Moth-
erwell, Minister of Agriculture for Saskatchewan, Canada, at the
Fifth Dry-Farming Congress, held at Spokane, Wash., October 3 to
6, 1910. Mr. Motherwell said:

Some authorities have undertaken to lay down a hard and fast rule with
regard to the best method of tillage to pursue under semiarid conditions, but so
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far as Saskatchewan is concerned such rigidity applied to our varying soil, alti-
tude, exposure, precipitation, and climatic conditions would only lead to loss
and disappointment. Variations in method must and can be pursued without
departing from principles, and herein lies the importance of every farmer
understanding something of the science of soil physics in order to have the
ability to prescribe such crops and tillage methods as will meet the require-
ments of his particular farm, just as a physician prescribes to suit the indi-
viduality of his patient.

If these statements are true, as they unquestionably are, for Sas-
katchewan with its comparatively narrow range of soil and climatic
conditions, how much more important is it to observe the same conser-
vatism in treating of the Great Plains area of the United States,
where this range is far greater.

SUMMER-FALLOWING TOO EXTRAVAGANT A SYSTEM.

Nowhere else east of the Rocky Mountains has the practice of
summer-fallowing been so generally practiced as in Saskatchewan.
Mr. Motherwell calls it “ the very foundation stone of successful agri-
culture in Saskatchewan.” This is due largely to the short seasons
and the impracticability of raising corn or other intertilled crops as
extensively as the small grams. In discussing the subject, Mr. Moth-
erwell says:

But with the passing of time, cheap land, root fiber, and humus, many ad-
vanced and thinking farmers are now searching for a more economie, permanent,
and less extravagant system of farming. * * * Furthermore, this system,
while restoring nothing to the soil, rapidly dissipates its humus and thus, as
the years go by, reduces its capacity to absorb and retain moisture. -

DEEP PLOWING NOT GENERALLY ADVISABLE.

In discussing the subject of deep plowing Mr. Motherwell says:

Too much indiscriminate advice to plow deeply under all circumstances in
Saskatchewan would be unwise and misleading, and must meet with disappoint-
ing results, but that all clay soils should be stirred deeply at least once after
being broken up is becoming more and more apparent. Deep plowing, to in-
crease the soil’s capacity to store moisture, at intervals of say 10 or 12 years,
to be followed by shallow plowing or surface tillage in intervening years, to
hasten maturity, is now thought to be the ideal method in many localities.
The danger of too frequent deep plowing is obvious.

It is not the desire of the writer to attempt to show that Mr.
Motherwell is opposed to either summer tillage or deep plowing, for
he is a strong advocate of both under certain conditions which com-
monly occur in Saskatchewan, as is fully set forth in the article from
which these quotations are made. The purpose of these quotations
is solely to show the emlnently sane and scientific attitude of mind of
this authority, which is in strong contrast to that of most writers and
speakers who discuss this subject. It is very unfortunate that it is
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often only the extravagant and sensational utterances which reach
wide publicity in the press, while sane and conservative papers attract
little or no attention.

NO INVARIABLE RULE FOR PREPARING THE SEED BED.

Joming back to a consideration of the means to be adopted to
secure the three essentials of a good seed bed—i. e, (1) a favor-
able medium for germination and early growth of the root system,
(2) receptivity to rain water, and (8) retentivity of soil water—it is a
well-established fact that upon some soils under some climatic condi-
tions and for some crops all of these conditions can be met by a
thorough disking, with plowing only in alternate years. This method
is particularly applicable to fitting corn stubble for a crop of small
grain, either fall or spring sown. In many instances shallow spring
plowing gives better results than early deep fall plowing where one
small-grain crop follows another. Subsoiling has failed to give any
increased yield in many instances where it has been tried as a prepa-
ration for corn, wheat, oats, or barley. Sometimes it has proved
injurious, and in only a few instances has it increased the yield suffi-
ciently to warrant the additional expense. Summer-fallowing has
very generally increased the yields of spring-sown wheat, oats, and
barley, but this increase has seldom been sufficient to warrant the
practice. On the other hand, it has very frequently reduced the yield
of corn. The most thorough summer tillage has failed utterly to
produce any crop in several instances when the drought was very
severe and extended over two consecutive seasons, notably at Belle-
fourche, S. Dak., and at Garden, Kans., during the season of 1911.
The above statements are based upon carefully conducted experiments
at many stations throughout the Great Plains, as described in Bulle-
tin No. 187 of the Bureau of Plant Industry, which contains tentative
conclusions which have since been confirmed by two years’ additional
results.

DEEP PLOWING MAY NOT INCREASE THE WATER-HOLDING CAPACITY.

Perhaps one of the most common fallacies is that deep plowing
invariably and necessarily increases the water-holding capacity of the
soil. Our investigations show that in many instances the receptivity
of the soil is governed entirely by the physical condition of the upper
4 or 5 inches, the undisturbed subsoil being of such a nature over very
considerable portions of the Great Plains that it is able to transport
downward by capillarity all the moisture absorbed by the surface
layer of soil as rapidly as it is accumulated in that layer. Under
such circumstances there would manifestly be no increase in either
the receptivity or water-holding capacity of the soil if the plowing
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were deeper than 4 or 5 inches. Whether this rule will apply to any
given soil can be determined only by careful observation, which
should extend over a sufficient period of time to include a considerable
range of climatic conditions and particularly the varying degrees of
intensity and duration of rainfall.

ROOTS EXTEND DEEP INTO SUBSOIL.

Our knowledge of the root development of ordinary crop plants
under dry-farming conditions is inadequate, but from all that is
known on the subject we have good reason to believe that in order
to produce even an ordinary yield of any cereal crop the root system
must penetrate several feet into the undisturbed subsoil. Consider-
able attention was attracted at the Sixth Dry-Farming Congress, at
Colorado Springs, Colo., by photographs of the root system of a stool
of wheat grown near Burns, Wyo., which showed a penetration of the
roots to a depth of 6 feet. There is no reason for supposing that
there is anything unusual about this particular stool except that it
was washed out so as to show its development. Assuming that the
land was plowed to a depth of 6 inches, then eleven-twelfths of the
root system was developed in the undisturbed subsoil. It is alto-
gether probable that this represents a normal development of dry-
land grains. If such is the case it will be seen that a difference of 4
or 5 inches in the depth of plowing would represent so small a frac-
tion of the depth of the root system as to be practically negligible.

CROPS DEPEND MAINLY UPON SUBSOIL.

It is an open question, even, whether after the seed has germinated
and the roots have developed for a few inches the undisturbed sub-
soil may not furnish a more congenial medium for root development
and food supply than does the tilled surface layer. Whether this is
the case or not it is manifestly impracticable to till the soil to a
depth sufficient to represent any considerable portion of the depth
reached by the root system. We must therefore depend mainly
upon the undisturbed subsoil to produce our crops. There is still
much to be learned concerning the whole problem of root develop-
ment under dry-land conditions, but it seems probable that a recog-
nition of some fairly well-established facts concerning the great
depth to which roots develop will profoundly modify some of the
present theories and practices of tillage.

THE SCIENTIST ESTABLISHES PRINCIPLES, THE FARMER APPLIES THEM.

Dry farming offers an unlimited field for careful, honest, scientific
investigation, and such investigations will ultimately establish some
important principles of physies and plant physiology which are now
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only dimly recognized or entirely unknown. If the press of the
country would make an earnest effort to teach the general public,
and particularly the farmers, that the primary function of the
United States Department of Agriculture and the State agricultural
colleges and experiment stations is to establish principles rather than
to teach practices and that the farmers must rely largely upon their
own judgment and experience to apply these principles, it could
accomplish much good for all branches of agriculture.

CONCLUSIONS.

In conclusion, the following misconceptions concerning dry farm-
ing may be mentioned as among the most serious: (1) That any defi-
nite “system ” of dry farming has been or is likely to be established
that will be of general applicability to all or any considerable part
of the Great Plains area; (2) that any hard and fast rules can be
adopted to govern the methods of tillage or of time and depth of
plowing; (3) that deep tillage invariably and necessarily increases
the water-holding capacity of the soil or facilitates root develop-
ment; (4) that alternate cropping and summer tillage can be relied
upon as a safe basis for a permanent agriculture or that it will invari-
ably overcome the effects of severe and long-continued droughts;
and (5) that the farmer can be taught by given rules how to operate
a dry-land farm.



TREE PLANTING BY FARMERS.

By C. R. TILLOTSON,
Forest Assistant, Forest Service.

THE PRACTICE AND PURPOSE OF TREE PLANTING.

Farmers are responsible for nearly 90 per cent of the approximately
1,000,000 acres of forest plantations in the United States to-day. Of
these million acres, 860,000 are found in what is known as the central
treeless region, which includes the States of Illinois, Iowa, North
Dakota, South Dakota, Nebraska, Kansas, the prairie district of
Minnesota, and those portions of Oklahoma and Texas lying west
of the hardwood belt; while 100,000 acres are found east of it, and
40,000 acres west. In the older settled portion of the treeless region
of Illinois, Towa, Nebraska, Kansas, and eastern Minnesota the area
of planted timber is on the decrease. Plantations of such rapid-
growing species as white willow, soft maple, and common cottonwood,
established 80 or 40 years ago chiefly for protection from winds, are
now being cut, because they are mature and for the most part are
situated on land which is more valuable for agriculture than for the
production of timber of low value. Because, in fact, most of the land
in the States last mentioned has a high value for agriculture, future
planting in this region is likely to be confined to the establishment
of narrow belts of some coniferous tree for the protection of farm
buildings or to the production of timber from some such rapid-
growing species as hardy catalpa.

In the other portions of this treeless region planting is on the in-
crease, chiefly for the purpose of protection, but partly, also, for the
production of fence posts.

East of the treeless region forest planting is also on the increase.
Here this is due to a number of reasons, among them the decrease in
the supply of native timber, the fact that considerable areas are
more suitable for timber than for agricultural crops, and the expec-
tation of quick and large returns from such trees as hardy catalpa
and black locust. For these same reasons planting in this region may
be expected to increase in the future. In a number of States plant-
ing is also being stimulated by competent State forest officers and,
in addition, in Ohio, Massachusetts, Connecticut, New York, Mary-
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land, and Vermont, through distribution by the State of forest-tree
seedlings.

West of the treeless region planting for future protection in irri-
gated districts and for timber production in those parts of California
adapted to the growing of eucalyptus will undoubtedly increase.

The aim of every farmer is to plant his ground to the crop which will
bring him the best returns. Under ordinary conditions, on good ag-
ricultural soil, farm crops are, of course, the most profitable to plant.
On many farms, however, there are one or more pieces of land which
will return a greater profit under trees than under any other crop.
This may be some area which, because of its being cut off by a rail-
road or stream, is not easily accessible; or some small corner which
the owner does not think worth the trouble of working; or it may be
a poor, sandy, or worn-out area which gives only small returns when
planted to agricultural crops. Such areas should be planted to trees
which are adapted to the site. If the soil is a good, well-drained
loam some one of the more valuable, rapid-growing species which re-
quires the best soil may be planted. If, on the other hand, the soil
is poor, it may be necessary to plant a less rapid-growing species, but
one which is best adapted to the site. In starting a forest plantation
it is unnecessary to choose for the planting site the best soil or the
most accessible part of the farm. Trees, in fact, enable the farmer
to utilize to advantage those portions of his farm which under agri-
cultural crops do not yield a reasonable return on the investment.

The initial cost of establishing a forest plantation is not great,
and, except to keep out fires, the trees do not need attention after
the first two or three years. In themselves the trees are a source
of protection to the farm buildings near which they are planted;
they increase the value of the farm and their products are a source
of considerable revenue to the owner. In a region subject to ex-
tremely cold winds during the winter a windbreak planted around
the farm buildings and the feed yards will not only save the
farmer many dollars in feed for his stock and in fuel for heating
through the protection it affords, but will furnish fuel, posts, and
farm timbers as well.

It seems certain that in future many farmers will be forced to
raise their own timber for general farm use or else pay an almost
prohibitive price for it. In some sections of the country the price
of posts has doubled in the last 10 or 15 years and may be expected
to double again in the next 10 or 15 years. This article discusses
briefly, for the region east of Nebraska and north of Tennessee and
North Carolina, the best trees to plant, the methods to be followed in
planting them, and the products they yield. For convenience the
larger region is subdivided into three smaller ones—the treeless
region, which includes the States of Iowa and Illinois; the hard-
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wood region, embracing Ohio, Indiana, Kentucky, and southern
Michigan; and the northeast region, embracing Pennsylvania, New
York, and the Northeastern States.

TREELESS REGION,

In the treeless region the soil favors the growth of a large number
of species, among which are cottonwood, white willow, soft maple,
green ash, hardy catalpa, black walnut, European larch, white and
Scotch pines, and white and Norway spruces.

Of the hardwood groups, cottonwood grows most rapidly and
does best on sandy bottom lands, where it reaches a height of from
75 to 80 feet and a diameter of from 14 to 15 inches in from 30 to
40 years. For its best development it should be spaced not more
closely than 15 by 15 feet when planted in groves, or from 2 to 4
feet apart in a single row. In groves it should be filled in with
silver maple to make a 7% by 7} foot spacing. It produces good
lumber for inside dimension stuff.

Silver maple also grows rapidly. In groves, where it should be
spaced about 6 by 8 feet, it reaches a diameter of from 8 to 9 inches
and a height of from 65 to 70 feet in 40 years. Planted less thickly
it will reach a diameter of from 12 to 13 inches in the same time.
It thrives best on a good fresh loam, but has little value except for
cordwood.

White willow makes a fairly efficient windbreak in a short time.
It grows best on rather low, moist situations, but does well on less
moist ones if the soil is good. In from 15 to 20 years it makes
fairly good fence posts if the wood is well seasoned, and is also
of value for fuel. White willow should be spaced about 6 by 6 feet.

Green ash has only a moderately fast growth. On good, well-
drained soils it reaches a height of 45 feet and a diameter of 6
inches in 80 years. (Pl. XIL) It will grow on rather poor soil, but
must have good drainage. On good black agricultural soil it is
not commercially profitable, because agricultural crops would pay
better on the land it would occupy. Its wood is valuable for handle
material and for general use as a farm timber where strength is
required. To insure straightness it should be planted as closely as
4 by 4 feet, or even more closely by sowing its seed broadcast.

Hardy catalpa grows rapidly on a fresh, well-drained, moderately
heavy soil, or on sandy river bottom lands where the water table is
close to the surface. On such soils it will reach a diameter of from
6 to 7 inches and a height of from 40 to 50 feet in 20 years. It is
chiefly valuable as a fence-post timber, although it is somewhat util-
ized in the manufacture of tool handles. It should be spaced about
6 by 8 feet. Since it is liable to freeze back, it should not be planted
farther north than central Iowa.
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Black walnut grows slightly faster than green ash and produces
straighter timber. At 30 years, on good, fairly heavy, well-drained
soil, it reaches a diameter of from 6 to 7 inches and a height of from
45 to 50 feet, yet it is not of much value until it reaches an age of
from 60 to 75 years, when it may be cut for lumber. It should be
spaced about 4 by 8 or 6 by 6 feet. On good black soils it is not
profitable, and on pure sands it will do nothing.

Of the conifers, European larch is fairly rapid growing and valu-
able for post and pole material. On good, well-drained loam, the
soil it requires, it reaches a diameter of from 8 to 10 inches and a
height of 50 feet in 30 years. In groves it should be spaced 10 by 10
or 12 by 12 feet, and filled in to 5 by 5 or 6 by 6 feet with a slightly
slower growing, shade-enduring species such as white pine. Good
straight material of a larger size is produced when planted 4 feet
apart in single rows.

White pine does well in Iowa and should do well in northern
Illinois. It reaches a diameter of from 8 to 10 inches and a height
of from 55 to 65 feet in 40 years. It grows well on either a good,
well-drained loam or on poor sand, and produces lumber of high
quality. If planted in a pure stand it should be spaced 6 by 6 feet,
but may be spaced 10 by 10 feet and filled in to a 5 by 5 foot spacing
with Scotch pine.

Scotch pine is chiefly valuable for planting on poor sand where
better trees will not thrive; in fact, it does better on sandy than on
heavy soils. It is easily established and grows rapidly for the first
15 or 20 years, after which it falls off in its rate of growth and be-
comes crooked in the top. It reaches a diameter of from 6 to 9
inches and a height of from 40 to 55 feet in from 35 to 40 years.
It is a good tree to plant in mixture with white pine.

White spruce is an excellent tree for windbreaks because, though
it grows slowly, it is long lived and hardy, and may be utilized
for lumber when mature. It will stand considerable moisture, but
does best on well-drained loam. For windbreaks it should not be
spaced more closely than 10 by 10 feet. :

Norway spruce is also a good tree for windbreak purposes. It
grows more rapidly than the white spruce, but is not so good for
windbreaks because it is shorter lived and becomes rather ragged with
old age. For windbreaks it should not be spaced more closely than
10 by 10 feet. It grows best on a fresh, well-drained loam or sandy
loam, and very slowly on pure sand. It does not thrive in northwest
Towa. When mature it produces lumber of good quality.

HARDWOOD REGION.

In the hardwood region black walnut, white ash, and hardy catalpa
grow well. In general, the conditions which are essential for the
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best growth of these species, and their rates of growth, are similar
to those described for them in the treeless region. Black walnut
grows well on the well-drained, strong clay loams or on rich dark
sandy loams, but will do nothing on pure sand. Both white and
green ash grow well on clay loams, and give promise for planting
on worn-out clay-loam soils. While they will grow on light sandy
soils they do not thrive there. Hardy catalpa does best on the well-
drained black soils in these States, and fairly well on even the poorer
yellow clay loam and gravelly loam soils, but can not be grown suc-
cessfully on poor upland sandy soils. It is hardy as far north as
southern Michigan, but is winter-killed in the central part of the
southern peninsula.

The foregoing species represent only those which have been grown
successfully in plantations in this region. There are a number of
others which have not yet been given a thorough trial, but which
promise well. Among these are the western yellow pine for gravelly
clay soils, red oak for poor clay soils, yellow or tulip poplar for moist
ravines or near stream courses, Scotch pine for the poorest sandy
soils, and white pine for sandy gravelly loam or clay loam soils.

NORTHEAST REGION.

In the northeast region it is certain that white pine, red pine,
Scotch pine, Norway spruce, European larch, and red oak can be
grown in plantations.

White pine grows well on sandy or gravelly loams, and is espe-
cially adapted to worn-out agricultural or pasture lands. It is, how-
ever, subject to attack by the white pine weevil, which bores into and
kills the leading terminal shoot. A new leader is usually formed
from one of the side branches, but the resulting main stem is crocked
and the value of the plantation seriously impaired. In localities
where this insect is known to be a serious pest it is scarcely advisable
to plant white pine when the owner’s object is to produce merchant-
able timber.

Another menace to young white pine stock is the white pine blight
or blister rust. This disease originated abroad, and is found mostly
in young stock imported from Europe. It is best, therefore, for the
planter to purchase trees grown in this country or else raise his own
stock.

Red pine is especially suited to poor sandy or gravelly soils, and
has the additional advantages of being hardy and not subject to
serious injury by either insects or fungi. It reaches a height of 40
feet and a diameter of from 8 to 10 inches in from 35 to 40 years.
(Pl. XIT1.) It should be spaced 6 by 8 or 8 by 8 feet. Scotch pine,
also, is particularly adapted to poorest sandy soils, grows rapidly at
first, but, as in the other regions, falls off in growth and becomes
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crooked in the top as it grows older. On poor sandy soil it reaches a
diameter of 7 inches and a height of 45 feet in 35 years. It is espe-
cially adapted for mixture with white pine. For the better, fresh
soils of the upland region Norway spruce is a good tree. It will,
however, grow on the poor, very sandy loam soils and reach a diame-
ter of from 8 to 9 inches and a height of 55 feet in 35 years. (PL
XIV.) It should be spaced 5 by 5 or 6 by 6 feet.

European larch does not promise much either in sandy or loamy
soil. It may be better adapted to the high mountains, but this has
not been proved. In this region the larch is subject to attack by a
sawfly which defoliates and sometimes kills it. '

Red oak has much to commend it. It can be planted cheaply,
grows fairly rapidly either on poor heavy or poor sandy soils,
reaches a diameter of 8 to 9 inches and a height of 45 feet in 35 years,
and produces material of a high quality. When planted pure a
spacing of 6 by 6 feet is close enough. Because of its ability to grow
under partial shade, it is a valuable tree for underplanting old
stands which have light crown cover.

In the foregoing discussion only those species have been men-
tioned which have been grown successfully in plantations in this
region. Other trees which should do well are: Hardy catalpa on
well-drained soils in the southern New England States; yellow
poplar in moist situations in Pennsylvania, southern New York, and
southern New England; black walnut and white ash on good soils
in Pennsylvania, New York, and southern New England; and west-
" ern yellow pine on the poor sandy or gravelly loam. It may seem
surprising that black locust has not been mentioned in a discussion
of the trees suitable for planting in these three regions. This tree
is eminently suited for planting on poor sandy or clay soils, is hardy
throughout the greater part of this territory, grows very rapidly,
and produces posts and lumber of high value. It is, however, so
subject to destruction by the locust borer before it reaches merchant-
able size that until some practical method of controlling this insect
is devised its planting can not be recommended. It is also inad-
visable to plant chestnut until a successful method is devised for con-
trolling the chestnut bark disease, which is seriously threatening old
stands throughout the northeast region.

SUCCESSFUL METHODS OF TREE PLANTING.

Thorough preparation of the soil by plowing and harrowing will
many times pay for itself. Besides putting the soil in good tilth,
it shortens planting operations, conserves soil moisture, helps to
insure the establishment of the trees, and induces a rapid initial
growth. In some situations, of course, such preparation is unneces-
sary, as on sand which does not support a heavy sod of grass; in



TREE PLANTING BY FARMERS, 263

others it is impossible except at prohibitive expense, as on steep
slopes or in soil filled with rocks or large roots. Where the soil
can not be prepared before planting, a small area surrounding the
spot in which the seedling is to be planted should be cleared of the
competing growth of grass.

The chief methods which may be successfully followed in plant-
ing operations are direct sowing of seed, planting in a furrow, dig-
ging a hole for each individual tree, and what is known as the slit
method. Direct sowing on prepared ground is adapted to good
loam soils in the treeless region with soft maple, green ash, black
walnut, and butternut; in the central hardwood region, with red oak
and black walnut; and in the northeast region with red, white,
Scotch, and pitch pines, red oak, and black walnut. In direct
sowing, the method generally followed is to plant a number of
seed in regularly spaced spots throughout the planting area, and
to cover them by hand. By planting several seed in each spot
the growth there of one or more trees is practically insured. In
the treeless region very good success at a very low cost has been
obtained with green ash by sowing the seed broadcast on pre-
pared ground and covering them by harrowing. Furrow plant-
ing is cheap and successful on good soil in the treeless and hard-
wood regions with willow, cottonwood, white pine, soft maple, and
green and white ash. Digging a hole for each tree is good for all
three regions and for all species. It is expensive, but in some situa-
tions, and éverywhere when large trees are planted, it is the only
method which can be used. The slit method, also, may be used in
all regions, and for all species, though it is particularly adapted to
soils of a loose texture, or to ground that has been prepared. It is
rapid and comparatively inexpensive. It consists in opening a
wedge-shaped hole in the ground by inserting a spade and moving
it back and forth. The roots of the seedling are then inserted back
of the spade in the hole thus formed, the spade is removed, and the
earth is pressed firmly around the stock with the foot.

PLANTING-STOCK.

In choosing stock for planting, due consideration must be given to
the planting site and to the care which will be given the trees after
planting. One-year-old stock is old enough for such hardwood trees
as ash, maple, and catalpa. Not only is it more likely to succeed
than older stock, but it costs less and is cheaper to plant. For black
walnut and oak the seed should be placed in the ground where the
trees are to grow permanently.

If coniferous trees such as pine or spruce are to be planted, two-
year-old seedlings or transplants or three-year-old transplants are
about right. As with the hardwood stock, these younger, smaller
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trees cost less, are cheaper to plant, and in all but exceptional condi-
tions are more likely to succeed than the older stock. Transplanted
stock of coniferous trees two or three years old has a more fibrous and
better developed root system than seedling stock and is more likely
to succeed. On heavy soils, for instance, where cultivation can not
be given after the plantation is started, as on a cut-over area filled
with roots of the old trees or on a very steep slope, the young trees
will be subjected to the competition of a heavy growth of grass, and
transplant stock invariably should be used.

CULTIVATION.

Cultivation for two or three years after the plantation is started is
desirable and almost necessary on the heavy soils of the treeless and
hardwood regions. - It keeps down the heavy growth of grass which
almost invariably takes possession of these soils if they are left undis-
turbed, conserves the moisture, induces rapid initial growth, and
hastens the formation of a crown cover.

On sand or in the northeast region on poor worn-out pastures or
agricultural lands which do not support a heavy growth of grass,
cultivation, while desirable, is not so necessary. On the better soils
of this region, however, plantations of such trees as black walnut,
white ash, and hardy catalpa must be cultivated if good growth is
expected.

The most noticeable difference between cultivated and uncultivated
plantations is that in the former the trees become well established
during the first or second season and show good, vigorous height
growth during these seasons, while in the latter the trees do not
become well established until the end of four or five years and during
that time make poor height growth.

The planter may wonder how much cultivation is necessary. Dur-
ing the first couple of years three or four cultivations should be given
during each growing season, but during the third year two cultiva-
tions will suffice under ordinary conditions for all hardwood trees
and for most conifers. The common two-horse cultivator is best
until the trees become so large that they may break when bent over
by it. After that it will be advisable to use a one-horse cultivator,
working between the rows.

One thing to be remembered in cultivation is that it should not be
continued too late in the season. Forest trees, like fruit trees, are
subject to damage by early fall frosts, and if their wood is particu-
larly succulent at the time when these occur the trees may be seriously
injured. Late cultivation is conducive to this condition of the wood,
and this operation should be discontinued between the 1st and the 15th
of July. Grass or other vegetation which comes in after this time
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RED PINE PLANTATION, 33 YEARS OLD, RHODE ISLAND.
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[The soil is poor and sandy, but good care has produced excellent results.]
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will serve a good purpose in drying out the soil and inducing early
maturity of the trees and the hardening of their wood, thus enabling
them to withstand the heavy frosts of fall and winter. Even such a
hardy tree as the black walnut has been known to be killed back to
the ground by severe early frosts and winters when cultivation was
practiced until late in the growing season.

ADVISABILITY OF PRUNING.

With the majority of trees commonly found in forest plantations
pruning is unnecessary and in some cases harmful. The greater
number of species will, if left alone, prune themselves, and the prod-
ucts derived from the others are not of enough value to warrant the
expense of pruning. Pruning is harmful in that it reduces the leaf
surface or food-manufacturing part of the tree, which must result
in a lesser rate of growth; and, further, excessive pruning of such
trees as hardy catalpa, and green and white ash, is likely to result
in top-heaviness, which may lead to their being broken off by the
wind. A further danger in pruning lies in the fact that the operator
may be unskilled in the work and in reality not know how it should
be done. He is very likely to leave ragged wounds or stubs of
branches, neither of which will heal over for a number of years, and
in some cases not at all. These places form a ready opening through
which fungi or rot may enter the tree and in time kill or injure
it. Some trees whose products are of especially high value, or
others whose branches are especially persistent, should be pruned of
dead branches. The species which need pruning are white pine,
hardy catalpa, and black walnut; those which do not need pruning
are soft maple, green ash, Scotch pine, cottonwood, white ash, oaks,
European larch, Norway pine, and Norway spruce. Black walnut
needs pruning only occasionally when some dead limb threatens to
cause the formation of a loose knot, though as a rule walnut prunes
itself well. It is sometimes necessary to prune off living limbs of
catalpa and of green and white ash in order to induce the develop-
ment of a single straight leader. In the ashes the leading shoot is
just as often developed from one of the lateral buds as from the ter-
minal one, and it is sometimes desirable to prune off these lateral
branches in order to induce vigorous growth of the terminal shoot
and so prevent the formation of a crooked main stem. - Catalpa
forms no terminal bud, but ordinarily produces three branches from
near the tip of the last year’s growth. When all three of these grow
about equally one or two of them should be pruned off so that the
third will develop into a leader. In all cases the limbs should be cut
off cleanly and close to the trunk, so that the wound may quickly heal
over.
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THE ADVISABILITY OF THINNINGS.

Every forest plantation reaches at some time, varying with the
species, spacing, and soil, a condition when a number of the standing
trees should be cut out. Owners of forest plantations are most likely
to err in failing to make thinnings. Thinnings should be practiced
when the presence of dead or dying trees in the stand, a very dense
crown cover, or an apparent stagnation in the growth of the living
trees indicates that they are needed. The chief object of a thinning
is to give more space and light to the trees left standing, so that they
may be stimulated to more active growth. This is accomplished by
cutting out the dead, crooked, diseased, or otherwise undesirable trees,
which, through overtopping or crowding the better, straighter trees
of the stand, are retarding their rate of growth, or even killing some
of them. It may be necessary to repeat this operation several times
during the lifetime of the stand, depending principally upon the
species. For most trees grown in plantations two to three thinnings
will be sufficient. The time to thin is a matter which must be left to
the judgment of the owner.

In thinning a considerable amount of material will be cut out which
can be utilized for various farm purposes, such as fuel, posts, poles,
or braces. Not only this, but the trees which are present in the stand
at maturity will be larger, straighter, and of better quality in every
way than those in similar even-aged plantations in which thinnings
have never been made.

PRODUCTS AND RETURNS FROM PLANTATIONS.

The table on page 267 indicates the products which may be expected
from forest plantations and the time which will be required to pro-
duce them. In addition to these products of the mature stand, it
must be remembered that thinnings will yield other material, such
as cordwood and posts, taken out of the plantation before it reaches
maturity. No figures as to the monetary returns which may be
expected from a plantation can be given; they will vary, of course,
with the species, the kind of soil, the care given the plantation, and
the value of the products at the time the trees are cut. There is no
doubt, however, that some lands, even if planted to the slower
growing species, will show returns equal to if not greater than those
that can be secured from the growing of agricultural crops. More-
over, the values from timber crops will increase much more rapidly
than those from agricultural crops, and the returns from planta-
tions in the future may be expected to be greater than those from
plantations in the past.

A word of warning to all prospective tree planters will not be
amiss. It is just as unfortunate as it is true that when some tree is



Species and methods for planting in different regions, and products which may be obtained from plantations.

Species. Region to which tree is suited. Soil. Spacing. Planting method. Age.
Years.
Cottonwood............. Treeless........coooeee.... Moist soil; sandy river bot- | 15 by 15 feet; underplant | Plant cuttings in a furrow...| Lumber and cordwood| 30-40
tom best. with soft maple, or plant
2 to 4 feet apart in rows.
Silvermaple...........|..... do... ...l Fresh to moist loam orsandy| 6 by 8feet................... Sow seed direct............. 25-40
loam.
‘White willow...........|..... A0 AOeeiiiii L 6by6feet.. ... ............ Plant cuttings in a furrow...| Posts, cordwood 20
Greenash............... Treeless, hardwood, north- | Well-drained loam soil. . .... 4bydfeet ... ... ...... Sow seed direct............. Handle material, farm 40-50
east.
Whiteash...............[..... Aol ‘Well-drained black or clay |..... 15 L PO do.... .l do...eiiiiaiaal] 4050
loam.
Hardy catalpa.......... Treeless, hardwood, south | Well-drained loam or sandy | 6 by 8feet................... Slitmethod.................] Posts. o ceoieeoee. ... 18-20
part of northeast. loam.
Black walnut........... Treeless, hardwood, north- |..... L 1 T 6by6feet................... Sow seed direct............. 50-75
east.
Hardwood, northeast....... Sandy or clay soils.........|..... 5 . T R A0, 50
Treeless, hardwood.......... Well-drained loam or sandy | 12 by 12 feet; fillin toa 6 by | Slit method................. 25-40
loam. 6 foot spacing with white
pine.
‘White pine.............. Treeless, hardwood, north- | Well-drained sandy or loam | 6 by 6feet................... Slit or furrow method....... 50
east. soils.
White spruce........... Treeless, northeast.......... Fresh to moist loam......... For windbreak 10 by 10 feet. 60
Norway spruce.......... Treeless, hardwood, north- |..... [ 1N R [« 1 50
east.
Redpine................ Treeless, northeast.......... Poor sandy or gravelly soils.| 6 by 8 feet................... Sow seed direct; dig hole for 50-60

each tree; slit method.

‘SYINYVA X9 ONILNVId TAYL
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particularly valuable for planting because of its hardiness, rapidity
of growth, or durability, its qualities are grossly exaggerated by un-
scrupulous agents merely for the purpose of selling their stock.
Credence should not be given to the exaggerated claims of these men.
Some have said, for instance, that fence posts may be grown in three
years, and that enormous financial profits may be secured through
the planting of the particular tree which they are attempting to sell.
The State forest officers, in those States which have such officers, and
those of the Forest Service of the United States Department of
Agriculture are always glad to furnish information to any prospec-
tive planter about the rates of growth and other qualities or charac-
teristics of any of the forest trees. If planters will take advantage
of these opportunities for consultation, they will, in many cases, be
saved time, money, and disappointment.



SEASONAL DISTRIBUTION OF LABOR ON THE FARM.

By W. J. SPILLMAN,

Agriculturist in Charge of the Office of Farm Management,
-Bureau of Plant Industry.

LACK OF DEFINITE CROPPING SYSTEMS.
CHANGING CONDITIONS IN BOTH THE EAST AND THE WEST.

The number of farms in this country on which an attempt is made
to follow a definite cropping system is extremely small. Even those
farmers who do have in mind such a system as an ideal which they
try to follow are frequently not able to do so. The reasons for this
condition of affairs are numerous. In the first place, from the stand-
point of the material development of the country we are yet a com-
paratively young nation. We are just reaching the end of the period
of settlement in the newer parts of the country; the abundance of
free land in the West has hitherto held back the development of
permanent systems of agriculture in the East by taking away from
the Eastern States the young men who would otherwise become
farmers there. In addition to this, the tremendous growth of our
cities, both east and west, and the development of efficient and cheap
means of transportation are continually bringing about local changes
in the prices of farm products, as well as in the facilities for market-
ing these products. In many localities systems of farming that
developed two generations ago and that were well adapted to con-
ditions which then obtained still exist under conditions that are not

suited to them.
CONDITIONS IN NEW ENGLAND.

The older types of dairy farming in New England illustrate this
fact. When hay was worth $6 a ton and bran $8 to $10 a ton, butter
making on the farm, or, better, the marketing of milk at the cream-
ery or cheese factory, was a very satisfactory type of farming. But
the farmer can now sell his hay at $15 to $18 a ton and bran costs
about $32 a ton. The increase in the price which the farmer receives
for dairy products has not kept pace with the increase in the value
of feeding stuffs. Thus, many New England farmers would find it
more profitable to grow hay for the market than to keep dairy cows.

A strong force, therefore, tends to change one of the commonest types
269
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of farming in New England for types which farmers generally have
not regarded as feasible, and this change is gradually taking place.

CONDITIONS IN THE WESTERN STATES.

On the other hand, the low price of hay in the Western and cen-
tral Western States and the relatively lower price of grain and mill
products, coupled with the fact that dairy products have increased
in price to a certain extent in recent years, calls for an increase in
dairying in that region and a decrease in the production of market
hay. Similar situations exist in other sections. For instance, a few
years ago alfalfa hay sold at the farm for $3.50 to $4 a ton in many
western localities. The development of the alfalfa-meal business has
increased the demand for alfalfa to such an extent that it now sells
readily at prices two or three times as high as formerly. The reason
for this is that freight rates to the East are much less on alfalfa
meal than on alfalfa hay. Hence, the meal can be sent to distant
markets where it does not pay to ship the hay. When the price of
hay was low, sugar beets were a more profitable crop than hay and
the sugar-beet business developed on a large scale in some of the
Western States. Now the situation is reversed. Alfalfa is more
profitable than beets in many localities and requires much less labor.
The labor is also better distributed through the season. As a result
sugar-beet production is giving way in these localities to alfalfa
growing.

RELATION OF CROPPING SYSTEMS TO THE SEASONAL DISTRIBUTION OF FARM
WORK.

Similar changes in conditions over nearly all the country are
causing changes in farm methods and in the types of farming fol-
lowed. Changes in cropping systems bring about a different dis-
tribution of labor during the season. It takes several years to adapt
a new type of farming to a new environment and to work out the
many new problems in management which a new system presents.
Hence it is that the American farmer has seldom solved the problem
of distributing his labor through the year in such a way as to have
it profitably occupied at all seasons.

FAILURE OF CLOVER AND TIMOTHY SEEDING.

Another reason why regular cropping systems are so seldom found
is the fact that clover and timothy occupy so important a place in
the agriculture of a large section of the country, and these crops,
with their minute seeds, are very uncertain. The seeding frequently
fails and this breaks up the rotation. Many farmers who have
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attempted to follow a rotation have abandoned the effort because of
the uncertainty of securing a good seeding of timothy and clover.

CROPS THAT COMPETE FOR LABOR.

Those mentioned are only a few of the causes which contribute to
the aimless and unsystematic methods prevailing on a large majority
of American farms. It is probable that the lack of regular rotations
is partly due to the fact that some of the most important crops of
the country, of which most rotations would naturally consist, com-
pete strongly with one another in the matter of labor required at cer-
tain seasons of the year. TFor instance, in central latitudes the cul-
tivation of corn is still in progress when wheat harvest begins, and
timothy and clover, the principal hay crops of the country, demand
much labor almost simultaneously with wheat as well as with oats.
This makes it necessary to lay by the corn long before the proper
season and requires an enormous amount of work during the latter
part of June and the early part of July, but leaves the latter part
of the summer poorly occupied. This renders necessary the hiring
of extra labor in June and July, while at some seasons there is not
enough work to keep regular labor profitably employed.

One of the hardest problems the farmer has to face is that of labor.
Reliable labor can not always be had even under the best of condi-
tions. Where the cropping system is such as to require an excess of
labor at one season and little or no labor at other seasons it is neces-
sary to depend on transient labor, which is almost always of an un-
desirable character. In the North, where field work is precluded for
a considerable portion of the year because of the long winter season,
the problem of finding employment for labor the year round has led
to the extensive development of winter feeding and winter dairying.
The winter feeding of beef cattle and sheep is particularly adapted to
this purpose. Dairying solves the problem as far as the winter sea-
son is concerned, but it also consumes time in summer when field
work is abundant and therefore does not balance up the work of the
year quite as well as winter feeding does, though in many cases it
may be more profitable.

FILLING GAPS IN THE LABOR SCHEDULE.

INTERMITTENT EMPLOYMENTS.

Many farmers have developed some form of employment as an
adjunct to their farming operations in order to give regular em-
ployment to their labor and thus be able to keep on hand dependable
men when they are needed on the farm. One farmer has a stone
quarry which is worked only when the labor on the farm is not suffi-
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cient to give employment to the men. Other farmers make brooms
in the winter and at odd times at other seasons.

BETTER PLANNED CROPPING SYSTEMS.

In middle latitudes and in the South it is possible to plan crop-
ping systems that will give regular employment to labor without these
side industries. In this manner the area of land which one man
or any definite number of men can farm is greatly increased. This
means a larger yearly income per individual employed. Even if a
erop grown returns a very small profit, if the work it demands
comes at a season when the farmer would otherwise be idle, it adds
just so much to the farm income without appreciably increasing the
expenses. This point is well brought out in the agricultural surveys
made by Cornell University in New York, as well as in similar sur-
veys made by the Office of Farm Management in several States. It
has been observed in these surveys that, other things being equal,
those farms which have the largest variety of products to sell are
the most profitable. The main reason for this is that these farms
have a variety of interests that permit the farmer and his family
and his hired labor to find profitable employment at all seasons of
the year, while on farms with less varied interests there are frequently
periods when there is no profitable employment.

EXCEPTIONAL CONDITIONS.

There are certain conditions which justify the farmer in disre-
garding the distribution of labor in planning a system of manage-
ment. Some of the more important of these are here briefly discussed.

When the farmer conducts some other industry in which the
labor may well be intermittent, such as quarrying, making boxes,
mixing fertilizers, grinding agricultural lime, making brooms, clear-
ing land, cutting railroad ties, and the like, he may well devote his
land to those crops which are most profitable, with little or no regard
to the labor requirements of these crops at different seasons of the
year. In planning such a system he must, however, take into account
the cost of keeping idle horses. He must also plan a system of soil
management that takes account of the future productivity of his
land.

There are also a few localities where labor is easily obtained when
wanted. In such cases it is wise to devote the land simply to those
crops that pay the best profit, provided a proper system of soil
management is adopted.

In certain localities it happens that a particular crop is enormously
more profitable than any other. This may happen when the area of
land adapted to this crop is less than sufficient to meet the demand;
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or it may be that a particular soil type produces a vastly better
quality of product than other soils. In such cases it may be advan-
tageous to devote the land exclusively to a single crop, or as nearly
so as the exigencies of good soil management will permit. Under
such circumstances the high profit from the crop may enable the
farmer to pay wages that will secure labor when he needs it.

Again, a farmer may own only an area which he and his family
can work in the crop which is most profitable in the locality, even
when most of the labor on this crop comes during a short period of
the year. In such cases he is justified in following a system that
permits the largest use of the one or two most profitable crops con-
sistent with good soil management, seeking outside employment at

other seasons,
DESIRABILITY OF STEADY EMPLOYMENT.

Conditions such as those just referred to, when we consider the
agriculture of the country as a whole, are exceptional, so that, speak-
ing in a general way, a system of farm management which calls for
approximately the same amount of labor at all seasons of the year
not only greatly increases the area which a given force can farm,
but, in many cases at least, increases the income of the farmer in
approximately the same proportion. Hence, under most conditions it
is wise for the farmer to follow a system that will give his labor
permanent employment. There are instances where farmers delib-
erately grow crops that are not profitable in order to keep their labor
employed so that they will be at hand when needed on crops that are
profitable, and this course appears to be justifiable under certain
conditions.

There are a few crops, such as cotton, and alfalfa in certain sec-
tions, that of themselves furnish employment during nearly the whole
year. This is one of the reasons why the single-crop cotton-growing
system has been able to persist indefinitely in our Southern States.
But even in the case of cotton a farmer can grow some winter hay
and other crops to a considerable extent without decreasing the acre-
age of cotton he can manage, and thus increase considerably the area
of land he.can farm properly, as well as his annual income.

PROBLEMS INVOLVED IN SEASONAL DISTRIBUTION.

So to plan the work of a farm as to distribute the labor equally
throughout the year is no small task. The difficulty of doing so is
attested by the small number of farms on which this task has been
accomplished. The difficulty is increased by the irregularity of the
seasons. In any case, the best that can be done is to make plans that
are suited to a normal season and adjust them from time to time as

the exigencies of the weather may require.
20139°—vBK 1911—18
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DATA NECESSARY.

In order to formulate a cropping system that will give a satisfac-
tory distribution of labor during the season when field work is prac-
ticable, a wide acquaintance with crops and a knowledge of the dates
of planting, tilling, harvesting, and all other operations connected
with each crop are required. One must also know the amount of labor
required for each of these operations, the number of men that must
work together to accomplish the work economically, as well as the
average percentage of days available for field work at different sea-
sons of the year. If the work schedule is to include the care of live
stock it is also necessary to know the amount of labor required for
the various kinds of work as well as the seasons at which this labor
must be performed.

These questions are of fundamental importance in farm manage-
ment, and our information concerning them is as yet very meager.
Considerable information of this character is accumulating in insti-
tutions which devote attention to the subject of farm management,
but very little of it has yet been made available for use. Occasionally
one finds a farmer who has followed a system of farming long enough
and has observed with sufficient care to enable him to know in ad-
vance just how much labor will be required during every part of the
coming season. It is very seldom, however, that such a farmer has
succeeded in filling in all the gaps during the season, so that on the
vast majority of farms there are times when the need of labor is
greater than the supply, while at other times little or nothing is to be
done except the daily chores.

DATA AVAILABLE.

Information is not at hand for dealing with all phases of the work
of a farm. Even if it were, so many unforeseen accidents interrupt
the regular farm work, often bringing unexpected demands for time
and labor, that it would not be possible to follow blindly any work
schedule outlined in advance. At the same time it is possible to out-
line a plan that will serve well as a guide in the management of the
farm. A little attention to this subject serves to show that the area
which a given force can farm when the work is thoroughly systemized
is very much greater than is generally supposed. This paper will
deal only with the cropping system. However, the Office of Farm
Management is rapidly accumulating data that will, when available,
permit the consideration of the whole system of management. These
data will not only show the amount of labor and equipment required
in the management of a given farm with a given system of farming,
but will also show the margin of safety which must be left in order
10 meet all’ordinary exigencies that arise in the course of the year.
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This margin is determined by actual experience on a large number of
farms from which detailed records are being compiled of all the work
of every description done during a period of years.

Let us first examine the distribution of labor on a number of farms,